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V l l
THE C RITICA L IN TERV AL FOR JUDGMENT 
OF TH E TEM PO RA L ORDER OF AUDITORY 
AND TACTUAL SIGNAL EVENTS
C H APTER I
INTRODUCTION 
A. fu ll  u n d e rs tan d in g  of hum an a u d i to ry  b e h av io r  r e q u i r e s  th a t  
the  s y s t e m 's  r e s p o n s e  to  changes in  a c o u s t ic  s igna l p a t te rn s  be c o m ­
ple te ly  d e s c r ib e d  and  the re so lv in g  pow er of the  e a r  sp ec if ie d .  S t im u ­
lus p a t te rn  changes  obv iously  o ccu r  o v e r  t im e .  T im e  i s  the  g r id w o rk  
fo r  s t im u lu s  p a t t e r n s  in au d i to ry  p e rc e p t io n .  T ha t i s ,  the r e f e r e n t s  
fo r  a u d i to ry  p e rc e p t io n  a r e  even ts  w hose  cues  for re c o g n i t io n  depend  
on w hat i t  is  tha t  ch an g es ,  by  how m uch , and how fa s t  in  t im e .  N ot 
only is  t im e  a  d im e n s io n  of au d i to ry  p e rc e p t io n ,  but, i t  a lso  s e r v e s  a 
b ackground  ro le  fo r  the o rd e r in g  of e v en ts  in the s t r u c tu r e  of language .
T im e  d ep en d e n t  phenom ena a re  a s s o c ia te d  a lso  w ith  p e rc e p t io n  
in o th e r  s e n s e  m o d a l i t ie s  such  as  v is io n  and tac t io n .  T h e re  have  b e en  
a n u m b e r  of p sy ch o lo g ica l  t r e a t i s e s  on t im e  (7, 10, 11, 14, 20, 35) 
a l l  of w h ich  have co n tr ib u ted  to an u n d e rs tan d in g  of th e  te m p o ra l  f r a m e ­
w o rk  of h u m a n  e x p e r ie n c e .  M ore  fun d am en ta l ,  ho w ev er ,  is an  u n d e r ­
stand ing  of the  p a r a m e t e r s  of t im e  w hich  o p e ra te  in th e  t r a n s m is s io n  
of s e n s o r y  d a ta  th ro u g h  the  v a r io u s  m o d a l i ty  pa thw ays w ith in  the  c e n ­
t r a l  n e rv o u s  s y s te m .  I t  is  sugges ted  t h a t  su ch  in fo rm a t io n  m a y  p rove  
helpfu l in  f u r th e r  d e sc r ib in g  ju s t  how th e  v a r io u s  s e n s o r y  s y s te m s  
m e d ia te  t im e  da ta .
T h e r e  a r e  s e v e r a l  a sp e c ts  of t e m p o r a l  judgm en t to  be co n ­
s id e re d .  F o r  one th ing , the qua lity  of a  s ing le  even t m a y b e  in flu ­
enced  by  t im e ,  su ch  a s  the d if fe ren c e  in  two sounds of v a ry in g  r i s e ­
t im e .  T hen , too, t h e r e  a re  ju d g m en ts  o f  s im u lta n e i ty  and s u c c e s s ­
iv e n e s s  w h ich  a r e  a s s o c ia te d  w ith  the  phenom ena  of te m p o ra l  fusion . 
T h e se  have  p ro v en  usefu l for c o m p ar in g  the  b eh av io r  of the  au d i to ry  
and v is u a l  s y s te m .  F ina lly , th e re  a r e  ju d g m e n ts  of s e r i a l  o r d e r  
w h ich  r e q u i r e  th a t  a  l i s te n e r  judge w h ich  of two s u c c e s s iv e  s ignals  
o c c u r r e d  f i r s t .
The r e s e a r c h e r  in v es t ig a t in g  the  p r o c e s s in g  of te m p o ra l  even ts  
w ith in  th e  a u d i to ry  s y s te m  is  faced  w ith  the  p ro b le m  of b in a u ra l  fus ion . 
E a c h  e a r  i s  b i l a t e r a l ly  r e p re s e n te d  a t  e v e r y  le v e l  of the a f fe re n t  p a th ­
w ay  f r o m  the  c o c h le a r  nucleus to the a u d i to ry  c o r te x ,  If two au d i to ry  
s ig n a ls  a r e  id e n t ic a l  in  th e ir  p a r a m e t e r s ,  the n o rm a l  h e a r in g  su b jec t  
w il l  p e rc e iv e  the  two s ig n a ls  as a  s in g le  im ag e  loca l ized  a t  the  m id -  
l in e .  C o n seq u en tly ,  o th e r  than  s tu d ie s  of lo c a l iza t io n  or t i m e - i n t e n s i ­
ty  t r a d in g  r e la t io n s h ip s ,  the s tudy of t im e  p e rc e p t io n  th ro u g h  the 
a u d i to ry  s e n s e  m o d a l i ty  has t r a d i t io n a l ly  b een  divided am ong c o m p a r i ­
son  of f i l le d  and unfilled  in te rv a ls  (2, 3, 7, 15, 34) ; the re p ro d u c t io n  
of i n t e r v a l s  (7, 34) or the d if fe ren ce  l im e n  fo r  d u ra t io n  (3, 6, 16 ,28 ,
29, 32) .
The p ro b le m  of b in a u ra l  fu s ion  in  the  s tudy of t im e  m a y  be c i r ­
cum v en ted  by p a ir in g  an  au d ito ry  s t im u lu s  w ith  a d if fe ren t  s en se  m o ­
d a l i ty  s t im u lu s  and a s k  for ju d g m en ts  of te m p o ra l  o rd e r .  This  m e th ­
od p ro v id e s  a  m e a n s  w h e reb y  th e  s u b je c t  can  la b e l  each  e v en t  d i s ­
c r e e t ly  and  r e p o r t  i ts  o rd e r  of o ccu ir ren ce .
T h is  a p p ro a c h  h as  not been  e x te n s iv e ly  used  in  a u d i to ry  r e s e a r c h ,  
a lthough  i t  c e r ta in ly  i s  not new. E x n e r  (9) studied, te m p o ra l  o rd e r  by  
h e te r o m o d a l  s t im u la t io n  in 1875. A t th a t  t im e ,  he re p o r te d  te m p o ra l  
i n t e r v a l s  n e c e s s a r y  fo r  judgm ents  of s im u l ta n e i ty  and s u c c e s s iv e n e s s
by un im odal and h e te r o m o d a l  s t im u la t io n .  E x n e r ' s  in t e r v a l s  w e re  m u ch  
l a r g e r  than  th o se  r e p o r t e d  in  l a te r  s tu d ie s .  T h is  d i f fe re n c e  w as p r o b a ­
b ly  due to the  l im i ta t io n s  of E x n e r 's  in s t ru m e n ta t io n  and p ro c e d u re s .
He concluded f r o m  h is  s tu d ie s  tha t  the  c r i t i c a l  in t e r v a l  fo r  judgm en ts  
of s u c c e s s iv e n e s s  and fo r  judgm ents  of t e m p o r a l  o r d e r  w as the  sam e . 
This sam e a u th o r  s ta ted  th a t  in h e te ro m o d a l  s t im u la t io n  the  in te rv a l  
depended on w h ich  m o d a l i ty  was s t im u la te d  f i r s t .
M ore  re c e n t ly ,  H i r s h  (17) s tud ied  s u c c e s s iv e n e s s  and te m p o ra l  
o r d e r  in  the  a u d i to ry  s y s te m  and found the  t e m p o r a l  s e p a ra t io n  n e c e s ­
s a r y  fo r  judgm en t of o r d e r  to  be te n -fo ld  th a t  n e c e s s a r y  fo r  the t h r e s h ­
old of s u c c e s s iv e n e s s .  H i r s h  and S h e r r ic k  (19) in v e s t ig a te d  te m p o ra l  
o rd e r  in  the  a u d i to ry ,  v isu a l ,  and ta c tu a l  m o d a l i t ie s  u nde r  conditions 
of bo th  un im odal and h e te ro m o d a l  s t im u la t io n .  T h e i r  r e s u l t s  w ith  
un im odal s t im u la t io n  a g re e d  w ith  the  p re v io u s  f ind ings  of H ir s h  (17) .
One of the p u rp o s e s  of H ir s h  and S h e r r i c k ' s  (19) s tudy  w as to 
f u r th e r  ex p lo re  E x n e r  ' s finding th a t  the c r i t i c a l  t e m p o r a l  in te rv a l  for 
judgm en t of o r d e r  in  h e te ro m o d a l  s t im u la t io n  w as d i f f e r e n t  than  fo r 
un im odal s t im u la t io n .  P i e r  on (24) and F r a i s  s e  (lO) had  a lso  s ta ted  
th a t  ju dgm en ts  of s im u l ta n e i ty  a re  e a s ie s t  to ob ta in  w hen  s t im u l i  a r e  
p re se n te d  to the s a m e  s e n se  m o d a lity .  H i r s h  and S h e r r i c k 's  (19) 
d a ta  do not su p p o r t  the  co nc lus ions  of any  of th e s e  a u th o r s .  They 
found that the  c r i t i c a l  in te rv a l  for ju dgm en t o f  o r d e r  w as  independent 
of the sen se  m o d a l i ty  em ployed . They did not, h o w e v e r ,  s tudy  the 
e ffec t  of w hich  m o d a l i ty  w as  s t im u la te d  f i r s t .
Some d i s a g r e e m e n t  is a p p a re n t  am ong in v e s t ig a t io n s  studying 
th e  te m p o ra l  r e s o lv in g  pow er w ith in  a s e n se  m o d a l i ty  a s  w ell a s  b e ­
tw een  p a ire d  s e n s e  m o d a l i t ie s .  F u r t h e r m o r e ,  w hen the  au d i to ry  
m o d a li ty  has  b e en  p a i re d  with o th e r  sen se  m o d a l i t ie s  i t  has not been  
d e te rm in e d  i f  d i f f e r e n c e s  e x is t  b e tw een  the two e a r s  o r  w h e th e r  th e re  
a r e  d i f fe ren c es  th a t  m a y  be a t t r ib u te d  to  i p s i l a t e r a l  o r  c o n t r a l a t e r a l
p a ir in g  of the  e a r  w ith  th e  m e m b e r  of the  o th e r  m o d a l i ty  be ing  s t im u la te d .
In 1963, E f ro n  (8) p re s e n te d  som e in te r e s t in g  find ings in  his w o rk  
w ith  the v isu a l  and ta c tu a l  s e n s e s .  He h y p o th es ized  th a t  d i s c r im in a t io n  
of t e m p o ra l  o rd e r  ta k e s  p lace  in  the  dom inan t h e m is p h e r e  fo r  speech .
In m an th is  is  the le f t  t e m p o r a l  lobe (23) . By i p s i l a t e r a l  and c o n t r a ­
la t e r a l  p a i r in g  of the  v i s u a l  and ta c tu a l  s e n s e s ,  E f ro n  (8) has  defined 
an  " in te rh e m is p h e r ic  t r a n s m i s s i o n  t im e "  fo r  v i s u a l  and ta c tu a l  s t im u li .
It has n o t  b een  d e te r m in e d  if  th is  s am e  phenom enon  i s  p r e s e n t  in  the 
a u d i to ry  s e n s e .
T he  p re s e n t  s tu d y  w as  d es ig n ed  to  define the  t e m p o r a l  s e p a ra t io n  
b e tw een  a  c l ic k  to the  e a r  and a  shock  to  the  f in g e r  n e c e s s a r y  fo r  n o r ­
m a l  su b je c ts  to  judge t h e i r  o r d e r  of o c c u r r e n c e .  F o u r  conditions w e re  
s tudied in  w hich  both  i p s i l a t e r a l  and c o n t r a l a t e r a l  p a ir in g  of the  a u d ito ry  
and ta c tu a l  s e n s e s  w as u t i l iz e d .  Two m o d es  of p re s e n ta t io n  (c iick - 
in t e r v a l - s h o c k  and s h o c k - in te r v a l - c l i c k )  w e re  u se d  in  o r d e r  to  t e s t  
E x n e r 's  finding th a t  th e  c r i t i c a l  in te rv a l  for ju d g m e n t  of t e m p o r a l  
o r d e r  v a r i e d  a c c o rd in g  to w hich  m o d a l i ty  w as s t im u la te d  f i r s t .
In a l l ,  th r e e  q u e s t io n s  w e r e  a sk ed  in  th is  in v e s t ig a t io n :  ( l)
W hat is  the  te m p o ra l  i n t e r v a l  s e p a ra t in g  a c l ic k  to  the  e a r  and a shock  
to  the f in g e r  n e c e s s a r y  to judge  th e i r  o r d e r  of o c c u r r e n c e ?  (2) Is 
th is  in t e r v a l  d if fe re n t  fo r  i p s i l a t e r a l  and c o n t r a l a t e r a l  p a ir in g  of the 
tw o m o d a l i t i e s ?  (3) Is  th e r e  a  d if fe ren c e  a c c o rd in g  to  w hich  m o d a li ty  
is  s t im u la te d  f i r s t ?
A re v ie w  of the l i t e r a t u r e  p e r t in e n t  to  th is  in v e s t ig a t io n  is  p r e ­
sen ted  in  the  following c h a p te r .
C H A PTE R  II 
REVIEW  OF THE L IT E R A T U R E  
In tro d u c tio n
The p r e s e n t  e x p e r im e n t  w as an in v e s t ig a t io n  of h e te ro m o d a l  
t e m p o r a l  o r d e r  in  w h ic h  the  e ffec t of c o n t r a l a t e r a l  and ip s i l a t e r a l  
p a i r in g  of the  two m o d a l i t ie s  on the  c r i t i c a l  i n t e r v a l  was s tudied .
T h is  c h a p te r  is  dev o ted  to  a  rev iew  of th e  p e r t in e n t  l i t e r a tu r e  con­
c e rn in g  th e  t h e o r i e s  of t im e  p e rc ep t io n ,  ju d g m e n ts  of t e m p o ra l  e x p e r i ­
ence  th ro u g h  th e  v a r io u s  s e n se  m o d a l i t ie s ,  and t h e i r  im p o r ta n c e  to  
u n d e rs ta n d in g  th e  h u m a n  s e n s o r y  m e c h a n is m .
T h e o r ie s  of T im e  P e r c e p t io n  
G il l i lan d ,  Hof e ld , and E c k s t ra n d  (14) have rev iew ed  the  e a r l i e r  
th e o r ie s  of t im e  p e rc e p t io n .  O lder t h e o r i e s  w e r e  p ropogated  a round  
a  sp e c ia l  " t im e  s e n s e "  w hich  inc luded  an  in t e r n a l  c lo ck  m e ch a n ism . 
O th e r  th e o r i e s  th a t  have  b e en  su g g es ted  have  to  do with: ( l)  the  fading 
n e u r a l  t r a c e ,  (2) c h an g e s  in  the b ra in  f ie ld ,  and (3) rh y th m  and body 
m o v e m e n t .
C e n t r a l  N erv o u s  S y s te m  M e c h a n ism s  
M any a t t e m p ts  have  b een  m ad e  to  e x p la in  th e  b r a in  m e c h a n is m  
used  to  judge  t im e .  F r a i s s e  (lO) p r e s e n t s  a  r e v ie w  of th e se  th e o r ie s .  
One of the  c o m m o n  ex p lan a tio n s  is  th e  th e o r y  of th e  fading n e u ra l  
t r a c e .  J a m e s  (20) s ta te d  th a t  "ea c h  s t im u lu s  le a v e s  som e la ten t  
a c t iv i ty  beh in d  i t  w h ich  only  g ra d u a l ly  p a s s e s  aw ay " .  W hile the l i s ­
te n e r  is  r e s p o n d in g  to  a  p r e s e n t  s t im u lu s  he s t i l l  h e a r s  the echo of 
an  e a r l i e r  s t im u lu s .  Som e conditions  c a u s e  th e  n e u r a l  t r a c e  to
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p e r s i s t  while u n d e r  o th e r  conditions  the  t r a c e  fa d e s  rap id ly .  This 
c a u s e s  a d i f f e re n c e  in  t im e  jud g m en t.  F r a n k e n h a e u s e r  ( l l )  s ta te s  
th a t  i f  two sounds a r e  p re s e n te d  s u c c e s s iv e ly ,  th e  im p r e s s i o n  m ade 
by  th e  second sound w i l l  be  c o m p ared  w ith  the  s in k in g  or fad ing  t r a c e  
of the  f i r s t  s t im u lu s .  Th is  r e s u l t s  in  the  ju d g m e n t  th a t  the second 
sound is  longer.  T h e r e  a r e  t im e s  when the  second  of two sounds is 
judged  to be s h o r t e r  th an  the f i r s t .  F r a n k e n h a e u s e r  b e l ie v es  this 
kind of e r r o r  is  found when th e  in te r v a l  be tw een  the  two sounds is  
s h o r t .  The b r i e f  in t e r  s t im u lu s  in te r v a l  r e s u l t s  in  a  t e m p o r a r y  d e ­
c r e a s e  of e x c i ta b i l i ty  in  the  s e n s o r y  pathway.
P o s tm a n  (27) b e l ie v e s  th a t  the  p h y s io lo g ica l  p ro c e s s  of s u c c e s s ­
ive  c o m p a r iso n  i s  dependen t on an  e l e c t r i c a l  g r a d ie n t  in lie b r a in  
f ie ld .  A cco rd ing  to h i s  th e o ry ,  the  s t im u la t io n  of a  p e r ip h e r a l  o rgan  
d i s tu r b s  the e q u i l ib r iu m  in  ‘‘he  b r a in  fie ld  and le a v e s  a  t r a c e .  A 
second  s t im u lu s  can  th e n  be co m p ared  to  the t r a c e  of the f i r s t .
M ore  r e c e n t ly ,  C re e lm a n  (6) has  o ffered  an  exp lan a tio n  of 
the  n eu ro lo g ic a l  p r o c e s s e s  involved in  t im e  ju d g m e n ts .  He suggested  
th a t  p e rh ap s  " a  coun ting  m e c h a n is m , a  s im p le  a c c u m u la to r ,  could 
s to r e  n e u ra l  p u lse s  in  r e v e r b e r a t o r y  c i r c u i t s  o r ,  fo r  tha t m a t te r ,  
s t o r e  an  e l e c t r i c a l  c h a r g e  due to  a c h e m ic a l  p r o c e s s " .
The In te rn a l  T im e  C lock  
In v i r tu a l ly  a l l  th e  l i t e r a tu r e  c o n ce rn in g  th e  p e rc ep t io n  of tim e  
t h e r e  is m en tion  of th e  in te rn a l  t im e  c lock . F r a i s s e  (lO) r e p o r t s  on 
M a c h 's  th e o ry  th a t  t im e  i s  a  g e n e ra l  s e n s e  w h ich  is  d is t in c t  f r o m  the 
five  sp e c ia l  s e n s e s .  M ach  thought th a t  the e a r  w a s  the  o rg a n  fo r the 
t im e  sen se .  H o w ev er ,  the  e s t im a t io n  of t im e  o r  the  d is c r im in a t io n  of 
t e m p o r a l  even ts  i s  n o t l im ited  to  the  a u d i to ry  s e n s e .  T h ese  judgm ents  
a r e  ju s t  as p o s s ib le  th ro u g h  the v isu a l  o r  t a c tu a l  m o d a l i t ie s .  G illiland 
(13) and D o e rh in g  (7) bo th  s ta te  th a t  a  rev iew  of the  l i t e r a t u r e  of tim e 
p e rc e p t io n  g ives  no in d ic a t io n  of an in te r n a l  c lo ck  m e c h a n is m  or a
s p e c ia l  t im e  s e n s e .
P h y s io lo g ic a l  P r o c e s s e s  a s  a B a s is  of T im e  E s t im a tio n
A tte m p ts  have b een  m ade to  c o r r e l a t e  t im e  e s t im a t io n  to body 
m o v e m e n ts  and p hys io log ica l  body p r o c e s s e s .  W undt (36) fe lt  th a t  
in t r o s p e c t iv e  s e n s a t io n s  could com e f ro m  th e  e a r s  and f ro m  fee lings  
of te n s io n  and re la x a t io n .  T h ese  would p ro v id e  t e m p o r a l  s igns  th rough  
w h ich  t im e  could be o rd e re d .  G illiland  (13) a t te m p te d  to c o r r e la te  
t im e  e s t im a t io n  w ith  pu lse  r a te ,  b re a th in g  r a t e ,  h e a r t  work, lung 
w o rk  and b lood p r e s s u r e  changes. T h e re  w e r e  no s ig n if ican t c o r r e ­
la t io n s  to  any  of th e s e  body func tions . G a rd n e r  (12) found no r e l a t io n ­
sh ip  b e tw ee n  b a s a l  m e tab o lic  r a te  and t im e  e s t im a t io n s .  F r o m  th e se  
s tu d ie s ,  i t  a p p e a r s  th a t  th e re  is  no su p p o rt  fo r  a  th e o ry  of t im e  p e r ­
cep tio n  b a se d  on phy s io lo g ica l  func tions .
S im u ltane ity , S u c c e s s iv e n e s s  and O rd e r
If a  hum an  o b s e r v e r  is  r e q u i re d  to  m a k e  ju d g m en ts  concern ing  
t e m p o r a l  ev en ts ,  the  n a tu re  of his  ju d g m en ts  m u s t  be c la s s if ie d .
T h a t  i s ,  he m u s t  judge two even ts  to  be  s im u l ta n e o u s ,  su cc e ss iv e ,  
o r  to  be o rd e re d .  V a r io u s  e x p e r im e n te r s  have  s tu d ied  the p e r c e p ­
t io n  of t im e  and so m e  confusion s e e m s  to  e x i s t  in  the c la s s if ic a t io n s  
and c o n c lu s io n s  r e a c h e d  by som e a u th o rs .  F o r  ex am p le ,  E x n e r  (9) 
s t a t e s  th a t  th e re  is  no d if fe ren c e  be tw een  s u c c e s s iv e n e s s  and o rd e r  
w hile  H i r s h  (17) found a  ten -fo ld  d i f fe re n c e  in  the in te rv a l  n e c e s s a r y  
fo r  th e s e  two ju d g m e n ts .
F r a i s s e  (10) poin ts  out th a t  i t  is  com m o n  s e n s e  to  s ay  th a t  two 
e v en ts  a r e  s im u lta n e o u s  when they  o ccu r  a t  the  s a m e  m o m en t in t im e . 
H o w ev e r ,  the a c tu a l  p h y s ica l o c c u r re n c e  of two ev en ts  m ay  d if fe r  f ro m  
the  p sy ch o lo g ica l  p e rc ep t io n  of the  t e m p o r a l  p a t te rn .  T h e re  a r e  
s e v e r a l  r e a s o n s  why th is  is  t ru e .  E ven  if  th e  p e r ip h e r a l  r e c e p to r s  
a r e  s t im u la te d  a t  the  sam e  m o m e n t  in  t im e  th e r e  m a y  be a  d if fe ren ce
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in  the sp ee d  of t r a n s m is s io n  of a s t im u lu s  th ro u g h  th e  v a r io u s  s e n s o ry  
pathw ays to  the  c o r t i c a l  c e n te r s .  D if fe ren t  n e u ra l  s y s te m s  have d i f f e r ­
en t l a te n c y  p e r io d s .  One m o d a li ty  m a y  be a  d i s c r e t e  s y s t e m  su ch  as  
the  v i s u a l  m o d a li ty ,  w h e re a s  an o th er  m ay  be  a  d if fu se  s y s te m  su ch  as 
the  a u d i to ry  s e n s e .  It fo llow s, th e re fo re ,  th a t  the  ju d g m e n t  of 
s im u l ta n e i ty  d ep en d s  on the  m o m en t in  t im e  w hen the  tw o  even ts  o ccu r  
w ith in  th e  c e n te r  o r  c e n te rs  w h ere  te m p o ra l  d i s c r im in a t io n  ta k e s  p lace  
r a t h e r  th a n  the  t r u e  p hys ica l  te m p o ra l  re la t io n s h ip  (10) . P i e r  on (24) 
d is t in g u is h e s  b e tw ee n  s im u l ta n e i ty  and s u c c e s s iv e n e s s  in  the  following 
m a n n e r  :
We r e c e iv e  an  im p r e s s io n  of s im u l ta n e i ty  fo r  two even ts  
p e rc e iv e d  w hen  th e se  two events  belong to the  s a m e  m e n ­
t a l  p r e s e n t  and a r e  not able to  be  p laced  in  o r d e r  of t im e .
The ev en ts  m a y b e  v e r y  b r i e f  o r  m ay  be la s t in g  o n e s .
T e m p o r a l  acu ity  c o r r e s p o n d s  to  the d i s c r im in a t iv e  pow er 
in  th e  t im e  d im e n s io n s ,  ju s t  as s p a t ia l  a c u i t ie s  r e p r e s e n t  
d i s c r im in a t iv e  pow ers  in  the d im e n s io n s  of sp a c e .  A 
c e r t a i n  m in im u m  s e p a ra t io n  be tw een  two ev en ts  i s  n e c e s s a r y  
in  o r d e r  th a t  th e i r  s u c c e s s io n  m ay  be p e rc e iv e d  and th e i r  
o r d e r  of a p p e a ra n c e  d e te rm in e d .  The r e c i p r o c a l  of th is  
s e p a r a t io n  c a n  be ta k e n  a s  a m e a s u r e  of t e m p o r a l  acu ity .
P i e r o n  (24) im p lie s  th a t  s u c c e s s iv e n e s s  and o r d e r  a r e  the  s a m e  
th ing . E x n e r  (9) would a g r e e .  H ow ever, ev id en ce  f r o m  th e  s tu d ie s  
of H i r s h  (17) shows the ju d g m en t of o rd e r  to  r e q u i r e  a  t e m p o r a l  
s e p a ra t io n  b e tw een  two even ts  ten -fo ld  th a t  n e c e s s a r y  to  judge s u c c e s s ­
iv e n e s s  o r  the  o c c u r re n c e  of two d i s c r e t e  e v e n ts .  H i r s h ' s  su b jec ts  
w e re  ab le  to  id e n t i fy  two d i s c r e te  c licks  when they  w e r e  s e p a ra te d  by 
2 m s e c ,  b u t  a  s e p a ra t io n  of 20 m se c  w as r e q u i r e d  in  o r d e r  to  judge 
w hich  c a m e  f i r s t .
B u rc k ,  Kotow ski, and L ich te  (5) showed the  th r e s h o ld  of s u c c e s s ­
iv e n e s s  of p u re  to n e s  to  be  on the o rd e r  of 10 m s e c .  T h ey  s ta ted  tha t:
. . . I f  th e  f i r s t  tone sounds long enough fo r  i ts  p i tc h  to 
b e c o m e  e s ta b l ish e d  in  the  e a r  of the  l i s t e n e r  b e fo re
th e  second  tone  b eg in s ,  the  to n es  w ill  a p p e a r  s u c c e s s ­
ive . If th e  t im e  b e tw een  the to n es  is in s u f f ic ie n t  to 
e s t a b l i s h  th e  p itch  of the  f i r s t  b e fo re  the  second  tone 
a r r i v e s ,  th e  o n se t  w i l l  ap p ea r  s im u l ta n e o u s " .
S tevens  and  D av is  (31) point out th a t  t r a n s ie n t  s ig n a ls  w ill  r e ­
q u i re  l e s s  s e p a r a t io n  for s u c c e s s iv e n e s s  than  p u re  to n e s  of g ra d u a l  
onse t.
M i l le r  and T a y lo r  (22) p re se n te d  th e i r  s u b je c ts  w ith  a  w hite  
no ise  and  a sk e d  th e m  to d e te r m in e  if th e  s ig n a l  w as con tinuous  o r  
in te r r u p te d .  T h e y  found th a t  sub jec ts  w e re  ab le  to  d i s c e r n  i n t e r r u p ­
tions  in  a  w h ite  n o is e  a t  a  f req u en cy  of 1000 p e r  second . In o th e r  
w o rd s ,  th e y  w ould p e rc e iv e  s u c c e s s iv e  no ise  b u r s t s  w ith  an  in te r v a l  
of 1 m s e c  of s e p a r a t io n .  T h is  leads  one to the  c o n c lu s io n  th a t  ju d g ­
m en ts  of s im u l ta n e i ty  and s u c c e s s iv e n e s s  a r e  depen d en t on  th e  kind of 
s t im u lu s  u sed  a s  w e l l  as the  e x p e r im e n ta l  m e thod .
In  o rd e r  to  in v e s t ig a te  the a b i l i ty  of su b je c ts  to  d is t in g u is h  
s u c c e s s iv e  f r o m  s im u lta n eo u s  even ts ,  the r e s e a r c h e r  n eed s  only to 
p r e s e n t  a  p a i r  o r  a  s e r i e s  of events and  a s k  the  su b je c ts  to  r e p o r t  if  
th e re  w as  one o r  two d i s c r e t e  even ts  o r  one con tinuous  ev en t .  To 
in v e s t ig a te  t e m p o r a l  o r d e r ,  one m u s t  allow  the  o b s e r v e r  a  w ay  of 
labe ling  eac h  e v e n t  s e p a r a te ly  and d i f f e r e n t ly  so th a t  he c a n  use  th ese  
lab e ls  to  r e p o r t  w h ich  o c c u r re d  f i r s t .
The  ju d g m e n t  of o rd e r  is of p a r t i c u la r  r e l e v a n c e  to  the  p re s e n t  
study, t h e r e f o r e ,  th e  l i t e r a tu r e  in th is  a r e a  w il l  b e  p r e s e n te d  in  s u b s e ­
quen t s e c t io n s  of th is  c h a p te r .
The c a p a c i ty  fo r  t e m p o ra l  d i s c r im in a t io n  is  b e s t  su m m e d  up by 
p re se n t in g  the t h r e e  c a s e s  w hich  can  e x is t .  T h is  d iv is io n  of s t im u lu s
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m o d es  w as p u rp o r te d  by P ie r o n  (25) .
1. "T h e  tw o s t im u l i  a r e  id e n t ic a l  and a c t  on th e  
o r g a n i s m  a t the s a m e  point. . . . "
2. "T h e  tw o s t im u l i  a r e  id e n t ic a l  bu t a c t  on th e
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o r g a n i s m  a t  two d i f f e r e n t  po in ts ,  o r  a r e  s i m i l a r  
bu t  not id e n t ic a l .  . . . ”
3. "T h e  tw o  s t im u l i  a r e  v e ry  d i f f e r e n t  (d if fe ren t  
s e n s e  m o d a l i t i e s )  ” .
In the  f i r s t  c a s e ,  the  tw o  s t im u l i  canno t be  id e n t i f ie d  a s  s e p a ra te  
ev en ts  but a r e  p e rc e iv e d  a s  one . Ju d g m en t  of o r d e r  can n o t  be  o b ta in ­
ed u nde r  th is  co n d it io n .  T h is  t r u l y  i s  a  condition  of s im u l ta n e i ty .  In 
the  second  in s ta n c e ,  th e  s u b je c t  could d e te r m in e  th e  p r e s e n c e  of one 
or  two s ig n a ls  in  w h ic h  c a se  a  th re sh o ld  of s u c c e s s iv e n e s s  could be 
e s ta b l i s h e d .  F in a l ly ,  the th i r d  in s ta n c e ,  w h ich  a l lo w s  e a c h  s igna l to 
be lab e led  s e p a r a t e l y  p ro v id e s  a  m e an s  of ob ta in ing  ju d g m e n ts  of 
o r d e r  of o c c u r r e n c e .
P e r c e iv e d  T e m p o ra l  O rd e r  w ith  U nim odal S t im u la t io n
The e a r ly  w o r k  of E x n e r  (9) r e p r e s e n t s  so m e  of th e  m o s t  ex ten ­
s iv e  w o rk s  r e g a r d in g  t e m p o r a l  d is c r im in a t io n .  A lth o u g h  the  i n s t r u ­
m e n ta t io n  th a t  E x n e r  used w a s  c ru d e  by m o d e rn  s t a n d a r d s ,  so m e  of 
h is  f ind ings  have b e e n  s u b s ta n t ia te d  and a r e  in  good a g r e e m e n t  w ith 
r e s u l t s  ob ta ined  in  m o r e  r e c e n t  in v e s t ig a t io n s .  E x n e r  (9) s e t  out to 
d e l in e a te  s u c c e s s iv e n e s s  f r o m  s im u l ta n e i ty  bu t r e p o r t e d  th a t  th e re  
w as  no d i f f e r e n c e  in  th e  t e m p o r a l  s e p a ra t io n  of tw o  ev en ts  to  enable  
su b je c ts  to  judge  o r d e r  of o c c u r r e n c e  a s  opposed  to  s u c c e s s iv e n e s s .
He u sed  b r i e f  f l a s h e s  of l ig h t  and s e t  out to d e te r m in e  w hen  they  
a p p e a re d  to  b e  n o n - s im u l ta n e o u s .  H is  r e s u l t  v a r i e d  a c c o rd in g  to 
th e  po in t of s t im u la t io n ,  bu t, he c o n s id e re d  44 m s e c  to r e p r e s e n t  
the  t e m p o r a l  r e s o lv in g  pow er of the  eye. In s o m e  c a s e s ,  h is  s u b ­
j e c t s  w e re  ab le  to  d e te c t  a p p a r e n t  m o v e m e n t  and would h ave  judged 
th e  f la s h e s  of l ig h t  to  be non - s im u lta n é  o u s , bu t E x n e r  (9) in te rp re te d  
th is  a s  an  a r t i f a c t  and tended  to  d i s r e g a r d  th is  finding .
In h is  s tu d y  of the  a u d i to r  y m o d a lity ,  E x n e r  (9) u sed  s u c c e s s iv e  
sp o k es  of a  S a v a r t  w heel to  p r e s e n t  c l ic k s  to  the  e a r .  H e s t im u la te d
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two e a r s  in  one condition  and only one e a r  in  the  o th e r  condition. He 
found th a t  a  2 m s e c  s e p a ra t io n  be tw een  c l ic k s  p re s e n te d  to  the  sam e  
e a r  would g ive  r i s e  to  a  judgm ent of s u c c e s s iv e n e s s .  This is  e x ac tly  
the s a m e  v a lu e  r e p o r te d  by  H i r s h  (17) , W hen the  two c licks w e re  
d e l iv e re d  s e p a r a te ly ,  one to each  e a r ,  th e  m in im u m  tem p o ra l  s e p a r a ­
tion  fo r  s u c c e s s iv e n e s s  was a s  la rg e  a s  64 m s e c .  P e rh a p s  the  la rg e  
in te rv a l  o b s e r v e d  in  th is  condition w as a  r e s u l t  of d if fe ren ces  in i n s t r u ­
m en ta t io n  and the  e x p e r im e n ta l  ta sk .
H i r s h  (17) i s  the only in v e s t ig a to r  w ho has  com ple ted  exhaustive  
s tu d ie s  c o n c e rn in g  te m p o ra l  o rd e r  in th e  a u d i to ry  sy s te m . He p r e ­
sen ted  a s e r i e s  of five s tud ies  in  w hich  he in v e s t ig a te d  the e ffec ts  of 
pa ir in g  con tin u o u s  sounds having a  f r e q u e n c y  d if fe ren c e ,  continuous 
sounds w ith  a  q u a l i ty  d if fe ren c e ,  and a  t r a n s i e n t  s ig n a l  (click) w ith  a 
pu re  tone  of v a r io u s  r i s e - t i m e  and d u ra t io n .
In the  f i r s t  e x p e r im en t ,  five p a i r s  o f  tones  w e r e  used. The 
f r eq u e n cy  p a i r s  used  w e re  250-300, 250-1200 , 250-4800, 1000-1200, 
and 1000-4800 Hz. The m in im u m  f r e q u e n c y  s e p a ra t io n s  be tw een  the  
two to n es  w as  50 Hz w hile  the  m a x im u m  f r e q u e n c y  d iffe rence  was 
4550 Hz. The to n es  had a  d u ra t io n  of 0 .5  s ec  and r e c u r r e d  once 
e v e r y  1. 8 s e c .  Both tones  had a r i s e - t im e  of 20 m s e c .  The te m p o ra l  
in te rv a l  s e p a r a t in g  the onset of the  two to n e s  w as v a r ie d  be tw een  -60 
and +60 m s e c  in  20 m s e c  s tep s .  Both to n e s  w e re  te rm in a te d  s im u l ­
tan eo u s ly .  J u d g m e n ts  w ere  based  on a  tw o - a l te rn a t iv e  fo rce d -c h o ice  
techn ique  in  w h ic h  the su b jec ts  t a s k  w as to  w r i te  down " lo w er"  or 
" h ig h e r"  d ep en d in g  on which f re q u e n cy  th e y  though t cam e f i r s t .  The 
two s t im u l i  w e r e  p re se n te d  m o n a u ra l ly .
In e x p e r im e n t  II, H ir sh  (17) used  tw o continuous sounds of 
d i f f e r e n t  q u a l i ty .  One w as a  pu re  tone w hile  th e  o th e r  was a w id e ­
band n o is e .  T h r e e  to n a l  f r e q u e n c ie s  w e r e  em ployed ; 250, 1000, and 
4000 Hz. T he  to n es  w e re  s e t  a t a  lo u d n e ss  lev e l  of 80 phons and the
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no ise  vo ltage  le v e l  w as  a d ju s te d  so  th a t  the  no ise  would be  equally  loud. 
The vo ltage  v a lu es  w e re  ob ta ined  f r o m  the  r e s u l t s  of a  s tudy  by P o l lac k  
(26) . The p ro c e d u re  and the  su b jec ts  t a s k  w e re  the  s a m e  as in the 
f i r s t  e x p e r im en t .
The f i r s t  two e x p e r im e n ts  allow ed the  s tudy  of d i f fe re n c e s  in 
ju dgm en ts  of o r d e r  due to a l t e r a t io n s  in f req u en cy  o r  s p e c t ru m .  The 
th i rd  e x p e r im e n t  w as  a  s tu d y  of d i f fe re n c e s  due to d u ra t io n .  In th is  
e x p e r im en t ,  H i r s h  (17) p a i re d  a  c l ic k  w ith  a no ise .  T h r e e  d if fe ren t  
r i s e - t i m e s  for th e  n o ise  w e re  used : 15, 7, and 2 m s e c .  F o r  one- 
ha lf  of the  e x p e r im e n t  the  n o ise  was p a sse d  th ro u g h  a h ig h - f re q u e n c y  
o c tav e -b a n d  f i l t e r  (2400-4800 Hz) w hile  in  the o th e r  h a lf  th e  no ise  was 
p a s se d  th ro u g h  a  lo w -f re q u e n c y  o c tav e -b an d  f i l te r  (300-600 Hz) . The 
le v e l  of the  no ise  w as  70 -dB  sound p r e s s u r e  le v e l  w h ile  th a t  of the 
c l ick  w as s e t  so  th a t  the  f i r s t  ha lf -w av e  of the  c l ick  w as  eq u a l in peak 
am p li tu d e  to  a p u re  tone w h o se  RMS sound p r e s s u r e  le v e l  w as 96 dB. 
The in te rv a ls  w e re  ad ju s ted  in  20 m s e c  s tep s  and the l i s t e n e r s '  ta s k  
w as the s a m e  as  in  the  f i r s t  two e x p e r im e n ts .
E x p e r im e n t  n u m b e r  fo u r  p a ire d  a  c l ick  and a  1000-Hz pure  tone . 
T h re e  p a r a m e t e r s  of the  tone  w e re  v a r ie d ;  r i s e - t i m e ,  d u ra t io n ,  and 
in te n s i ty .  The r i s e - t i m e s  w e r e  7 and 15 m s e c ,  the  d u ra t io n s  w e re  
20, 50, and 100 m s e c ,  and th e  lev e ls  w e re  50 and 90 dB . The lev e l  
o f  the c l ic k  w as c o n s ta n t  a t  a  peak  equ iva len t of 80 dB RMS sound 
p r e s s u r e  lev e l .  A gain , the  p ro c e d u re  and su b jec t  t a s k  w as  the sam e  
a s  in  th e  p re v io u s  e x p e r im e n t s .
H i r s h 's  f in a l  e x p e r im e n t  p a ire d  two c l ick s .  P u l s e s  f ro m  a p a ir  
of pu lse  g e n e r a to r s  w e re  p a s s e d  th ro u g h  f i l t e r s  to y ie ld  a  d if fe ren ce  
in  p itch . One p u lse  w as fed th ro u g h  a  1000 Hz lo w -p a s s  f i l t e r  and the 
o th e r  th ro u g h  a  4000 Hz b a n d -p a s s  f i l t e r .  The two c l ic k s  w ere  s e t  
a t  a  peak  e q u iv a len t  of 80-dB  RMS sound p r e s s u r e  le v e l .  T e m p o ra l  
in te rv a l s  b e tw een  the  two c l ic k s  w e re  50, 30, and 10 m s e c .  The
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l i s t e n e r s  judged w h e th e r  the  " h ig h e r"  o r  " lo w e r"  tone  o c c u r re d  f i r s t .  
T ab le  1 show s a s u m m a r y  of the  co m b in a tio n s  of sounds used  in the 
five e x p e r im e n ts .
TA BLE 1
COMBINATIONS OF SOUNDS USED 
IN HIRSH'S EX PE R IM E N T S
E x p e r i ­
m e n t
Sounds Band W idth D u ra tio n D iffe ren t  
w ith  r e ­
spec t to:
I T ones, N oise  
Bands
Both N arro w B oth  Long F re q u e n c y
U Tones v s .  
N oise
One N a rro w  
One Wide
B oth  L o n g ( Q uality
III C lick  v s . 
N oise
Both Wide One Short 
One Long
D u ra t io n
IV C lick  v s .  
Tone
One Wide and 
S h o r t  - One 
N a r ro w  and 
Long
D u ra t io n
Q uality
V Hi C lick  v s .  
Lo C lick
Both N arro w B oth  S h o r t F r e q u e n c y
The r e s u l t s  of H i r s h 's  e x p e r im e n ts  showed th a t  w h e re a s  a  
t e m p o r a l  in te r v a l  of about 2 m s e c  b e tw een  two b r i e f  sounds w il l  e n ­
ab le  the l i s t e n e r  to  d is t in g u is h  two sounds in s te a d  of one, an  in te rv a l  
a p p ro x im a te ly  te n  t im e s  a s  l a rg e  is  r e q u i r e d  fo r  the l i s t e n e r  to judge 
w hich  one o c c u r r e d  f i r s t .
The m in im u m  t im e  re q u i r e d  fo r a  c o r r e c t  ju dgm en t of te m p o ­
r a l  o r d e r  w as  found to  be in dependen t of d i f f e re n c e s  in f r e q u e n c y  or 
q u a li ty  b e tw een  the  two sounds. C om bina tions  of c l ick s  w ith  no ise  o r  
c l ick s  w ith  to n es  having a  f a s t  r i s e - t i m e  y ie lded  so m ew h a t s m a l le r  
in te r v a l s ,  b u t  the  d i f f e r e n c e s  am ong conditions  w e re  s m a l l  and
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c o n s id e red  to  be u n im p o r ta n t  r e l a t iv e  to  the  g e n e r a l  a g r e e m e n t  am ong
all e x p e r im e n ta l  co n d it io n s .  H i r s h  concluded tha t:
. . • " B e c a u s e  th e  ju d g m en t of t e m p o ra l  o r d e r  r e q u i r e s  
t e m p o r a l  s e p a r a t io n s  as m u c h  as 20 m s e c ,  m o r e  of 
the  p e rc e p tu a l  s y s te m s  is  involved th an  m e r e l y  the  e a r  
i t s e l f .  T h e r e f o r e ,  the ju d g m en t of te m p o ra l  o r d e r  w i l l  
not be c lo se ly  r e l a t e d  to th e  f a c to r s  th a t  have  shown to 
be im p o r ta n t  fo r  the  p e r ip h e r a l  a u d i to ry  s y s te m " .
H i r s h 's  o r ig in a l  w o rk  w as ex tended  by  H i r s h  and S h e r r i c k  (19) in  1961. 
They defined  the t e m p o r a l  s e p a ra t io n  n e c e s s a r y  fo r  ju d g m en t of o r d e r  
in the  v isu a l ,  a u d i to ry ,  and ta c tu a l  s y s te m s .
F o r  the  v isu a l  e x p e r im e n t ,  f la sh e s  of ligh t of 5 m s e c  d u ra t io n  
w e re  spaced  18 c m  a p a r t  in  e i th e r  a  v e r t i c a l  o r  a  h o r iz o n ta l  a r r a n g e ­
m en t. The l igh t f l a s h e s  w ere  g e n e ra te d  by p u lses  f r o m  tw o pu lse  
g e n e ra to r s  d r iv e n  by  a  s ingle  w a v e - f o r m  g e n e r a to r  so th a t  the  in te r v a l  
be tw een  the f la s h e s  cou ld  be c o n tro l le d  b y  the  d e la y  a d ju s tm e n t  of the 
pu lse  g e n e r a to r s .  T he  in te rv a ls  ran g ed  f r o m  -60 to  +60 m s e c  and 
w e re  ad ju s ted  in 20 m s e c  s te p s .  T h e re  w e re  tw en ty  p re s e n ta t io n s  
at e a c h  in te r v a l  and fo u r  t r a in e d  su b je c ts  judged w h ich  c a m e  f i r s t .
T h re e  cond itions  w e re  em ployed  in  the  a u d i to ry  e x p e r im e n t .  
P u ls e s  w e re  p a sse d  th ro u g h  re s o n a n t  c i r c u i t s  so  th a t  one s ig n a l  s o u n d ­
ed like  a  h ig h -p i tch ed  "b ing"  and the  o th e r  like a  lo w -p i tch e d  "bong". 
The th r e e  d i f f e r e n t  conditions  of s t im u la t io n  w e re  (a) M onotic  H i-L o ,
(b) D icho tic  H i-L o ,  and  (c) D icho tic  H i-H i.  F ive  a d u l ts ,  d i f f e r e n t  
f ro m  those  of the v i s u a l  e x p e r im en t ,  s e r v e d  a s  s u b je c ts .  The s u b jec ts  
r e p o r te d  h igh  f i r s t  o r  low f i r s t  ex cep t in  the th i rd  c o n d it io n  in  w hich  
they  r e p o r te d  r ig h t  f i r s t  o r  left f i r s t .  T he  in te r v a l s  ra n g e d  f r o m  -30 
to +30 m s e c s  and w e r e  ad ju sted  in 10 m s e c  s te p s .
The s a m e  a p p a r a tu s  and p ro c e d u re  a s  th a t  of the p re v io u s  e x ­
p e r im e n ts  w e r e  used  in  the e x p e r im e n t  involv ing  th e  t a c tu a l  s e n s e ,  
excep t th a t  the  p u lse  g e n e r a to r s  supp lied  a  pu lse  to  a p o w er a m p l i f ie r
15
w hose output w as fed to two ta c tu a l  v ib r a to r s .  The v ib r a to r s  w e re  
a t ta ch ed  to the  index  f in g e r s  of the r ig h t  and  le ft  hand. The su b je c t  
r e p o r te d  w h ic h  hand w as  s t im u la te d  f i r s t .  T e m p o ra l  i n t e r v a l s  w e re  
v a r ie d  in 10 m s e c  s te p s  f r o m  a 30 m s e c  lead  on the le f t  s id e  to  a 
30 m s e c  le ad  on the  r ig h t .
F ig u r e  1 s u m m a r i z e s  the  r e s u l t s  of H i r s h  and S h e r r i c k ' s  (19) 
d a ta  fo r  th e  th re e  s e n s e  m o d a l i t ie s .  F o r  th e  a u d i to ry  m o d a l i ty ,  the 
d icho tic  p r e s e n ta t io n  u ti l iz in g  id e n t ic a l  sounds  is  p lotted  b e c a u s e  
th is  cond ition  i s  m o s t  analogous  to  the  co n d itio n  used in  the  v is u a l  
and ta c tu a l  e x p e r im e n t s .
The d a ta  f r o m  H i r s h  and S h e r r i c k 's  (19) s tu d ie s  show th a t  the  
am oun t of t im e  th a t  m u s t  s e p a ra te  two e v e n ts  in o r d e r  fo r  an  o b s e r v e r  
to d e te r m in e  t h e i r  c o r r e c t  o r d e r  (75 p e r  cen t  of the t im e )  is  a p p r o x ­
im a te ly  20 m s e c .  T h is  in te rv a l  w as not found to be d i f f e r e n t  am ong 
the  th r e e  s e n s e  m o d a l i t ie s  s tudied: v isu a l ,  au d ito ry ,  and ta c tu a l .
The r e s u l t s  o b ta ined  in  the in v e s t ig a t io n s  of H i r s h  (17) and 
H i r s h  and S h e r r i c k  (19) a r e  a lm o s t  id e n t ic a l .  The v a lu es  r e p o r te d  
by  E x n e r  (9) a r e  a  g r e a t  d e a l  l a r g e r  th an  th o s e  of the tw o l a t e r  s tu d ie s .  
T h ese  d i f f e r e n c e s  a r e  a t t r ib u te d  to  m o r e  p r e c i s e  in s t r u m e n ta t io n  in  
th e  la te r  s tu d ie s  and to  d i f f e re n c e s  in p ro c e d u re .  E x n e r  (9) r e q u i r e d  
a  ju d g m en t of c o r r e c t  o r d e r  10 s u c c e s s iv e  t im e s  to e s t a b l i s h  the  i n t e r ­
va l fo r  p e rc e iv e d  o r d e r .  Such a  s t r in g e n t  r e q u i r e m e n t  would be about 
the  98 per c e n t  poin t on the  p sy ch o p h y s ic a l  functions shown b y  H i r s h  
and S h e r r i c k  ( l9 )  •
T e m p o ra l  O r d e r  W ith H e te ro m o d a l  S tim u la t io n  
In s tu d ie s  r e p o r t e d  in  1875, E x n e r  (9) conducted one in v e s t ig a t io n  
w h e re  he p a i r e d  m o d a l i t i e s .  Using the  a u d i to ry  and v is u a l  m o d a l i t i e s ,  
he found in t e r v a l s  c o m p a ra b le  to th o se  fo r  the  v isu a l  s e n s e  and  s i m i ­
la r  to th o se  ob ta ined  w hen th e  two e a r s  w e r e  s t im u la te d  (40-60  m s e c )  . 
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F ig .  1. J u d g m e n t  of te m p o ra l  o r d e r  ( F r o m  H ir s h  and 
S h e r r i c k  1961)
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n e c e s s a r y  to m ak e  a  ju d g m en t of c o r r e c t  o r d e r  was not c o n s tan t  when 
the  s t im u l i  w e re  p re s e n te d  to  s e p a r a t e  m o d a l i t ie s .  The in te r v a l  was 
dep en d en t  on w h ich  m o d a li ty  w as  s t im u la te d  f i r s t .  When the  a u d ito ry  
s e n s e  w as  s t im u la te d  f i r s t  th e  i n t e r v a l  w as 16 m s e c ,  a va lue  c o m ­
p a ra b le  to  th a t  found in  la te r  s tu d ie s .  W hen the  o rd e r  w a s  r e v e r s e d ,  
v i s u a l  s e n s e  s t im u la te d  f i r s t ,  the  i n t e r v a l  was 60 m s e c .  This d i s -  
c r e p e n c y  p ro m p ted  the r e s e a r c h  of B a ld ,  e^ad^ ( l)  who s tud ied  e r r o r s  
a s s o c ia te d  w ith  ju d g m en t of t e m p o r a l  o r d e r  of a u d ito ry  and v isu a l  
s t im u l i .  They  concluded  th a t  the  d i f f e r e n c e  w as  due to th e  a tten tion  
a t t r a c t e d  by the  s t im u lu s .  A c c o rd in g  to  th e se  a u th o rs ,  l igh t a t t r a c t s  
m o r e  a t ten t io n  th a n  sound. T h e r e f o r e ,  i t  m a y  be th a t  the  su b jec ts  in 
E x n e r ' s  (9) s tudy  e x p e r ie n c e d  so m e  d if f icu l ty  in  sh ifting  th e i r  a tten tion  
f r o m  the  v isu a l  to  th e  a u d i to ry  s t im u lu s .
T h is  s am e  phenom enon  is  not ev iden t ,  how ever, in  the s tud ies  
of  H i r s h  and S h e r r i c k  (19) • A f te r  th e s e  a u th o rs  had conducted  th e i r  
e x p e r im e n t s  w ith  u n im o d a l  s t im u la t io n ,  they  did a s tudy in  w hich  the 
a u d i to ry  s e n s e  and the  v isu a l  s e n s e  w e r e  p a ired ,  the ta c tu a l  s e n se  
w as  p a ire d  w ith  the  au d ito ry ,  and th e  v isu a l  m o d a li ty  w as p a ired  with 
th e  t a c tu a l  m o d a l i ty .  The p r o c e d u r e s  and in s t ru m e n ta t io n  fo r th is  
e x p e r im e n t  w e re  th e  s a m e  a s  r e p o r t e d  in  the  p rev ious  sec t io n .  Again, 
the  t e m p o r a l  s e p a ra t io n  n e c e s s a r y  fo r  th e  c o r r e c t  ju d g m en t of o rd e r  
( 75 p e r  cen t of the  t im e )  w as on th e  o r d e r  of 20 m se c .  H i r s h  and 
S h e r r i c k  (19) h y p o th es ized  th a t  s in c e  th e  in te rv a l  re m a in e d  re la t iv e ly  
c o n s ta n t  fo r  a l l  m o d a l i t ie s  in d ep en d en tly ,  a s  w ell as  w ith  p a ired  
m o d a l i t ie s ,  th a t  th e  c e n te r  w ith in  the  c e n t r a l  ne rv o u s  s y s te m  w here  
t e m p o r a l  ju d g m en t tak es  p lace  m u s t  be  s h a re d  by a l l  m o d a l i t ie s .
The s e r i e s  of e x p e r im e n ts  b y  E f r o n  (8) is  of p a r t i c u la r  in te r e s t  
to  th e  p r e s e n t  in v e s t ig a t io n .  T h is  a u th o r  conducted a  s e r i e s  of e x p e r i ­
m e n ts  in  w h ich  he p a ire d  the v is u a l  and  ta c tu a l  m o d a l i t ie s  to e s ta b l i s h  
w h a t  he te r m e d  the  " in te r  h e m is p h e r i c  t r a n s m is s io n  t im e "  fo r  v isu a l
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and ta c tu a l  s t im u l i .  E f ro n  (8 ) s ta te s  th a t  h is  d a ta  s t ro n g ly  s u g g es t  tha t;
. . . The t e m p o r a l  d i s c r im in a t io n  of s im u l ta n e i ty  and 
o r d e r  a r e  p e r fo rm e d  in  the  h e m is p h e re  w h ich  is  
d o m in an t  fo r  sp eech , s e n s o r y  d a ta  by  the n o n ­
d o m in an t  h e m is p h e r e  m u s t  be t r a n s f e r r e d  a c r o s s  
so m e  pathw ay (Corpus C olio sum ) to the  d o m in an t  
s id e ,  and the d e lay s  in th is  t r a n s m is s io n ,  w hile  
d e te c ta b le  by  the  c l a s s i c a l  m e th o d s  of p sy c h o ­
p h y s ic s ,  a r e  (like a l l  o th e r  t r a n s m is s io n  d e lay s )  
not of su f f ic ien t  m ag n itu d e  to r e q u i r e  any c o r r e c t io n .
To t e s t  th is  h y p o th e s is ,  E f ro n  (8) used  shocks d e l iv e re d  to th e  r ig h t  
and le f t  index  f in g e r  and l igh t f la sh es  d e l iv e re d  to  the  le f t  and r ig h t  
n asa l  r e t in a .  In the  f i r s t  e x p e r im e n t ,  the  s t im u lu s  w as d e l iv e re d  to  
one s id e  100 m s e c  b e fo re  the  o th e r .  The in te rv a l  w as r e d u c e d  in  
5 m s e c  s te p s  u n til  the  s u b je c t  re sp o n d ed  w ith  a  ju d g m e n t  of s im u l ­
taneity . Then the  p ro c e d u re  w as  r e v e r s e d .  If th e  s t im u lu s  had in i t i a l ­
ly been  d e l iv e re d  to  the  le f t  s id e  f i r s t ,  the  p ro c e d u re  w as  re p e a te d  
with th e  s t im u lu s  p re s e n te d  to  the r ig h t  s ide  f i r s t .  The o r d e r  of p r e ­
sen ta t io n  w as ra n d o m iz e d  a c r o s s  su b jec ts  to avo id  any  p o s s ib le  o r d e r  
e ffec ts .  A ll  s u b je c ts  w e r e  p ra c t ic e d  and r e w a r d e d  if  th e i r  p e r fo rm a n c e  
s tayed  w ith in  a  c e r t a in  ra n g e  of v a r ia b i l i ty .  S u b jec ts  fo r  th is  e x p e r i ­
m en t w e re  d iv ided  into two g ro u p s .  The su b jec ts  in one g ro u p  w e re  
a l l  r ig h t  handed w hile  the s u b jec ts  in  the  second  g ro u p  w e re  a l l  le f t  
handed.
The r e s u l t s  of th is  e x p e r im e n t  showed th a t  the  r ig h t  handed s u b ­
jec ts  judged th e  s t im u l i  to  be s im u ltan eo u s  when the  le f t  s t im u lu s  p r e ­
ceded th e  r ig h t  by  3. 81 m s e c  fo r  the  ligh t s t im u lu s  and 3. 32 m s e c  
fo r  the  shock . E f ro n  (8 ) fe l t  th a t  th e s e  r e s u l t s  co n f irm e d  h is  p r e ­
d ic tion  th a t  the  s t im u lu s  w h ich  was d e l iv e re d  to  th e  le ft  s ide  would be 
r e c e iv e d  f i r s t  in  th e  r ig h t  or nondom inant h e m is p h e re  w h e reu p o n  i t  
would be  t r a n s f e r r e d  by  w ay  of in te r  h e m is p h e r ic  co n n ec tio n s  to the  
dom inan t h e m is p h e re .  The 3 to  4 m s e c  lead  r e q u i r e d  of the  left 
s t im u lu s  would a c c o rd in g  to  E fro n  (8 ) r e p r e s e n t  th e  t r a n s m is s io n
19
t im e  th ro u g h  the  in te rh e m is p h e r ic  pathw ay.
T he  le f t -h a n d e d  su b jec ts  judged the  s t im u l i  to  be s im u lta n eo u s  
when th e  p re s e n ta t io n s  to the two s id e s  w e r e  e s s e n t i a l ly  s im u lta n eo u s .  
This w a s  ex p la ined  by  the  fa c t  that few le f t -h a n d e d  p e r s o n s  a r e  t ru e  
s i n i s t r a l s  and any  e ffe c t  to be noticed  in  th e se  su b je c ts  w as cance lled  
out. In o th e r  w o rd s ,  so m e  of the g ro u p  would have  sp e e c h  dom inence  
in  the r ig h t  h e m is p h e r e  and o th e rs  in th e  le f t  h e m is p h e r e .  W hen t r e a t ­
ed as a g roup , a n y  d ev ia t ions  would be can c e l led  a s  in  r a n d o m  se lec t io n .
In a s u b se q u e n t  ex p e r im en t ,  E f ro n  (8 ) d e l iv e re d  l ig h t  f la s h e s  to 
a n o th e r  g ro u p  of r ig h t -h a n d e d  and le f t -h a n d e d  s u b je c ts .  T h e i r  ta sk  
w as to  judge  w h ic h  c a m e  f i r s t ,  the r ig h t  f la s h  o r  the  le f t  f la sh ,  or 
w h e th e r  th e r e  w as  s im u ltan eo u s  p re s e n ta t io n .  T he  r ig h t -h a n d e d  su b ­
je c t s  judged  the  p re s e n ta t io n s  to be s im u lta n e o u s  w hen the le f t  f la sh  
p re c e d e d  th e  r ig h t  b y  4 m s e c .  C o n v e rse ly ,  the le f t -h a n d e d  su b jec ts  
judged s im u l ta n e i ty  w hen  the r ig h t  f la s h  p re c ed e d  the le f t  by  3 m s e c .  
E ven  though  the  t a s k  w as d if fe ren t  in  th e s e  two e x p e r im e n t s ,  th e  
r e s u l t s  of b o th  e x p e r im e n t s  su p p o r t  the  h y p o th e s is .
S ince  the  h y p o th es is  had been  su p p o r te d  by the  d a ta  ob ta ined  
using  b o th  v is u a l  and shock  s t im u li ,  E f ro n  (8) fe l t  th a t  on the b a s is  
of th is  th e o ry  he could m ake  p re d ic t io n s  a s  to  the  r e s u l t s  of c r o s s ­
m o d a l i ty  ju d g m e n ts .  He designed a  s e r i e s  of e x p e r im e n ts  u s ing  one 
su b jec t  who had b e e n  c o n s is te n t  in h is  ju d g m e n ts  in  p rev io u s  e x p e r i ­
m e n ts .  This  s u b je c t  w as r igh t-handed . The e x p e r im e n ta l  a r r a n g e ­
m en t w as  to  have th e  su b jec t  judge s im u l ta n e i ty  of ligh t and sh o ck  
under v a r io u s  e x p e r im e n ta l  cond itions . Two c o n tro l  e x p e r im e n t s  
( a  and B) c o n s is te d  of p re sen t in g  sh o ck s  to  the r ig h t  and le ft  index  
f in g e rs  (E x p e r im e n t  A) and ligh t f la s h e s  to the r ig h t  and  le ft  v isu a l  
fie lds  (E x p e r im e n t  B) . T h ese  r e s u l t s  showed d e v ia t io n s  of 2. 50 and
9. 75 m s e c s  fo r  sh o ck s  and ligh ts  r e s p e c t iv e ly .  L ig h t  w as th e n  d e ­
l iv e re d  to the  r ig h t  v is u a l  fie ld  and sh o ck  to  the r ig h t  index  f in g e r
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(E x p er im en t C) . In th is  s i tu a t io n ,  the s u b je c t  p e rc e iv e d  th e  s t im u l i
a s  s im u ltan eo u s  w hen the  ligh t p reced ed  the sh o ck  b y  1 1 .2 5  m s e c .
W ith  th is  in fo rm a tio n ,  p re d ic t io n s  could be m a d e  fo r E x p e r im e n t s  D,
E , and F . E f ro n  (8 ) r e a s o n e d  tha t;
. . . "If two s t im u l i  a r e  d e l iv e re d  to  the n o n d o m in en t  
h e m is p h e re  and a r e  t r a n s f e r r e d  to  the  d o m in e n t  one 
the light w il l  be  d e lay ed  by  9 .7 5  m s e c  and  the  sh o ck  
by 2 .50  m s e c .  The d i f f e r e n c e  in the  d e la y s  a c r o s s  the  
b ra in  w il l  be  7. 25 m s e c ,  the  light be ing  de lay ed  b y  
th is  am ount m o r e  th a n  the  shock. But w e know th a t  th e  
light w as d e lay ed  b y  11. 25 m s e c  in  i ts  t r a n s m i s s i o n  
even un d er  the con d it io n s  of d e l iv e r in g  b o th  s t im u l i  to 
the  left h e m is p h e r e .  By d e l iv e r in g  both  s t im u l i  to  the  
r ig h t  h e m is p h e re ,  a n  ad d itio n a l " r e l a t i v e "  d e la y  of 
7. 25 m s e c  w il l  be in t ro d u c e d  in the l igh t pa thw ays 
b ring ing  th e  to ta l  d e la y  (light b e fo re  shock) to a  p r e ­
dicted v a lu e  of 1 8 .5 0  m s e c .
The r e s u l t s  of the e x p e r im e n ta l  cond itions  showed an o b s e rv e d  
d e la y  of 17. 25 m s e c  w h ich  w as w e ll  w ith in  th e  expec ted  e r r o r .  In 
E x p e r im e n t  E , a  shock  w a s  d e l iv e re d  to  the le f t  f in g e r  and a  ligh t 
f l a s h  to the r ig h t  v isu a l  f ie ld .  I t w as  a l r e a d y  known th a t  the  su b je c t  
r e q u i r e d  11. 25 m s e c  d i f f e r e n c e  be tw een  ligh t and sh o ck  to judge  
th e m  s im u ltan eo u s .  S ince  the shock  was d e l iv e re d  to  th e  r ig h t  h e m is ­
p h e re  w ith  the  d e la y  in t r a n s f e r  of 2. 50 m s e c ,  one w ould  p r e d ic t  a  
d e la y  of 13. 75 m s e c  for th e  s im u ltan eo u s  ju d g m e n t  (2. 50 m s e c  of the  
1 3 .7 5  m sec  w as a t t r ib u te d  to  t im e  re q u ire d  fo r  s t im u lu s  t r a n s f e r  
f r o m  r ig h t  to le f t  h e m is p h e re )  . The o b s e rv e d  d e la y  w as  1 3 .2 5  m s e c .
In the l a s t  of th is  s e r i e s  of e x p e r im e n ts ,  a  shock  w a s  d e l iv e re d  
to  th e  r ig h t  index  f in g e r  and  a l igh t f la sh  to le f t  v is u a l  f ie ld .  H e r e  the 
l ig h t  would be d e lay ed  9. 75 m s e c  due to t r a n s m i s s i o n  f r o m  th e  r ig h t  
to  th e  le ft  h e m is p h e re .  T he  9 .7 5  m s e c  added  to the 11. 25 m s e c  r e ­
q u i r e d  to  judge th e  s t im u l i  as  s im u ltan eo u s  w hen  b o th  w e r e  p re s e n te d  
to  the  le ft  h e m is p h e re  w ould  r e s u l t  in a  p re d ic t io n  of 2 1 . 00 m s e c  d e ­
la y  fo r  the s im u l ta n e o u s  ju d g m e n t .  The o b s e rv e d  r e s u l t  w as  18 .00
T A B L E  2
C RO SS-M O D A LIT Y  JU D G M EN T O F SIM U LT A N EIT Y  BY E F R O N
E xp . A E xp . B E x p . C E xp . D E x p . E E x p . F
L S -R S L V F -R V F R V F -R S L V F -L S L S -R V F R S -L V F
M ean +2. 50 +9 .75 11. 25 17. 25 13. 25 18. 00
S ta n d a rd  D ev ia t io n +2. 36 +4. 49 +3. 95 
(light 
f i r s t )
+3. 22 
(light 
f i r s t )
+4. 16 
(light 
f i r s t )
+ 3 .6 9
(light
f i r s t )




2 1 .0 0
(light
f i r s t )  f i r s t )  f i r s t )
ts j
L S = L eft  Index  F in g e r  Shock; R S=R ight Index  F in g e r  Shock; R V F = R igh t V is u a l  F ie ld  F la s h ;  
L V F = L e f t  V is u a l  F ie ld  F la s h .
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m s e c .  The r e s u l t s  of th is  s e r i e s  of e x p e r im e n ts  a r e  s u m m a r iz e d  in  
T ab le  2.
E f ro n  (8) conc luded  th a t  s in ce  t h e r e  w e re  no s ig n if ic an t  d i f f e r ­
e n ces  b e tw een  the p re d ic te d  r e s u l t  and th e  o b se rv ed  r e s u l t  fo r  the 
conditions  te s te d  th a t  h is  h y p o th es is  w as su p p o rted .  F u r th e r m o r e ,  
he could s ta te  th a t  the  in te r h e m is p h e r i c  t r a n s m is s io n  t im e  fo r  a 
t a c tu a l  s t im u lu s  was 2. 50 m s e c  and fo r  the  v isu a l  s t im u lu s  9. 75 m s e c .
I t w as  E f r o n 's  w o rk  th a t  led th is  a u th o r  to  a s k  the  second q u e s ­
t io n  in  th e  p r e s e n t  s tu d y . "W ill  the m in im u m  te m p o ra l  in te rv a l  
s e p a ra t in g  a  c l ick  to  th e  e a r  and a shock  to  the f inger n e c e s s a r y  to 
a llow  an  o b s e r v e r  to  judge  th e i r  o r d e r  of o c c u r re n c e  be d if fe ren t  fo r  
c o n t r a l a t e r a l  p a ir in g  of the  m o d a l i t ie s  th a n  when the  two m o d a l i t ie s  
a r e  p a i re d  i p s i l a t e r a l l y ? "  If th e se  cond itions  w e re  to yield d i f fe re n t  
r e s u l t s  th an  new in fo rm a t io n  c o n ce rn in g  au d i to ry  function would be 
ob ta ined .
S u m m ary
It is  a p p a r e n t  th a t  th e  l i t e r a tu r e  d ea l in g  w ith  judgm en ts  of 
t e m p o r a l  o r d e r  is  m e a g e r .  T h e re  is a w ide d iv e rg e n ce  of r e s u l t s  
am ong the  few s tu d ie s  th a t  have  been  r e p o r te d  using  un im odal as 
w e ll  as  h e te ro m o d a l  s t im u la t io n .  This  v a r ia t io n  i s  p ro b ab ly  due 
to d i f f e r e n c e s  in  e x p e r im e n ta l  a p p a ra tu s  and p ro c e d u ra l  v a r ia b le s .
Only one of the s tu d ie s  em ploy ing  h e te ro m o d a l  s t im u la t io n  w as c o n ­
c e rn e d  w ith  an in v e s t ig a t io n  of the e ffec ts  of ip s i l a t e r a l  and c o n t r a ­
l a t e r a l  p a i r in g  of th e  two m o d a l i t ie s .  T h is  study u ti l ized  th e  v is u a l  
and ta c tu a l  s e n s e s  (8) .
T he  l i t e r a t u r e  r e v e a l s  th a t  th is  e f fec t  has  no t b een  s tud ied  w hen 
the  a u d i to ry  s e n s e  is  p a i re d  w ith  a n o th e r  m o d a lity .  F u r th e r m o r e ,  
w hen the  a u d i to ry  s e n s e  h a s  b een  p a ire d  w ith  the  ta c tu a l  m o d a li ty  
i p s i l a t e r a l l y  the  only  t r a n s d u c e r  fo r  the  ta c tu a l  s t im u lu s  has  b een  a  
v ib r a to r .  In th is  s tudy , e le c t ro d e s  w e re  sec u re d  to the  s u b je c ts '  f in g ­
e r s .  I t  is  not known i f  d e l iv e r in g  the  t a c tu a l  s t im u lu s  w ith  e le c t ro d e s  
p laced  on the  f in g e r s  w ould  r e s u l t  in  a  d i f f e r e n t  ju dgm en t of o rd e r
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betw een  the a u d i to ry  and ta c tu a l  s t im u li
The p re s e n t  s tudy  w as d e s ig n ed  to  sp ec ify  the  te m p o ra l  s e p a r a ­
tion  be tw een  a  c l ic k  to  the  e a r  and a sh o ck  to the f inge r  n e c e s s a r y  for 
n o rm a l  sub jec ts  to judge th e i r  o r d e r  of o c c u r re n c e .  F our conditions  
in w hich  the two m o d a l i t ie s  w e r e  p a ire d  ip s i l a t e r a l l y  and c o n t r a l a t e r a l -  
ly w e re  te s ted .  The e x p e r im e n t  w as p ro g ra m m e d  e le c t ro n ic a l ly  and 
a tw o -a l te rn a t iv e ,  fo r c e d -c h o ic e  p ro c e d u re  w as used throughout.
T h ree  fe a tu re s  in h e re n t  in  the  p ro c e d u re ,  seq u en tia l  an a ly s is  (33) , 
p ra c t ic e d  su b jec ts ,  and im m e d ia te  knowledge of r e s u l t s  w ere  used to 
m in im iz e  v a r ia n c e s  w ith in  and  am ong su b je c ts  as  w e ll  as  to  d r iv e  each  
su b jec t  to  m ax im u m  p e r fo rm a n c e .  A. d e s c r ip t io n  of the  e x p e r im e n ta l  
conditions , as w e ll  a s  the a p p a ra tu s  and p ro c e d u re  a r e  outlined in  the 
following ch ap te r .
CH A PTE R  HI 
P R O C E D U R E  AND INSTRUMENTATION 
INTRODUCTION
T his  e x p e r im e n t  w as d e s ig n e d  to  d e te r m in e  the c r i t i c a l  te m p o ra l  
in te rv a l  by  w h ic h  a  c l ic k  to  the  e a r  and a sh o ck  to  the f in g e r  m u s t  be 
s e p a ra te d  to a llow  n o r m a l  su b je c ts  to c o r r e c t l y  judge t h e i r  o r d e r  of 
o c c u r re n c e .  T h is  c r i t i c a l  in t e r v a l  w as e s ta b l i s h e d  u n d e r  four e x p e r i ­
m e n ta l  co n d it io n s .
The in s t r u m e n ta t io n  u ti l iz e d  in  th is  s tudy  c o n s is te d  of two s igna l 
channe ls  and a  t im in g  a p p a r a tu s .  The a c o u s t ic  c l ic k  w as  produced  by 
m e an s  of a  p u ls e  g e n e ra te d  f r o m  a T ek tro n ix  type  161 pu lse  g e n e ra to r  
w hich ra n g  a  T D H -39  e a rp h o n e .  A no ther p u lse  g e n e ra te d  by a T e k ­
tro n ix  type 161 p u lse  g e n e r a to r  w as  fed th ro u g h  a  t r a n s f o r m e r ,  a  v a r i ­
ab le  r e s i s t o r ,  and  on to  th e  e le c t ro d e s  to p ro d u c e  the sh o ck  s ignal.
The e le c t ro d e s  w e re  p laced  on the p a lm a r  s u r f a c e  of the  s u b je c t 's  
th ird  f in g e r  o f  one o r  the  o th e r  hand. The s ig n a l  seq u e n c e  and the 
tim in g  of the  in t e r  - s t im u lu s  in te r v a l  was c o n tro l le d  by  a G ra s o n -S ta d le r  
1200 m o d u la r  s e r i e s .  A w a rn in g  s ig n a l  p re c e d e d  the s t im u lu s  p a tte rn .
I t c o n s is te d  of a  n o i s e - b u r s t  of 50 m s e c  d u ra t io n  w h ich  w as  fed to  a 
com panion  of th e  t e s t  e a rp h o n e .
The c r i t i c a l  in t e r v a l  fo r  d e te rm in in g  c o r r e c t  t e m p o r a l  o rd e r  was 
e s ta b l ish e d  u n d e r  fo u r  cond itions  in  w hich  the a u d i to ry  and  ta c tu a l  
s t im u l i  w e re  p a i r e d  b o th  ip s i l a t e r a l l y  and c o n t r a l a t e r a l l y .  The su b ­
je c t s  w e re  e x te n s iv e ly  p ra c t ic e d  in  the e x p e r im e n ta l  t a s k  be fo re  the 
d a ta  w as  c o l le c te d .  A ta b le  of s eq u e n t ia l  a n a ly s i s  (Appendix B) d ic ta ted
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p a s s / f a i l  c r i t e r i a .
A d e ta i le d  d e s c r ip t io n  of the  s u b je c ts ,  e x p e r im e n ta l  a p p a r a tu s ,  
and p r o c e d u r e  is  p re s e n te d  in  the  following s e c t io n s .
S u b jec ts
F o u r  n o r m a l - h e a r in g  r ig h t -h a n d e d  fe m a le s  s e r v e d  a s  su b jec ts  
fo r th is  e x p e r im e n t .  T h e ir  ages  ra n g e d  f r o m  20 to  30 y e a r s .  None of 
the  s u b je c ts  had any known h i s to r y  of e a r  pa tho logy  o r  n e u ro lo g ic a l  
p ro b le m s .  E a c h  s u b je c t 's  h e a r in g  s e n s i t iv i ty  w as  a s s e s s e d  a u d io - 
m e t r i c a l l y  b e fo re  a c c e p ta n c e  as  a n  e x p e r im e n ta l  s u b je c t .  H ear in g  
th re s h o ld s  of 15-dB h e a r in g  lev e l  (lSO-1964) o r  b e t t e r  a t  oc tave  f r e ­
q u en c ie s  f r o m  125 th ro u g h  8000 Hz defined  n o r m a l  h e a r in g .  In add ition , 
the  f in g e r s  of the s u b je c ts  w e re  ex am in ed  f o r  s c a r s ,  e x c e s s iv e  c a l lu s e s ,  
or a'tiy co n d itio n  w hich m ig h t  have in te r f e r e d  w ith  the  p re s e n ta t io n  
of the  sh o ck  s t im u l i .
E a c h  su b jec t  w as expec ted  to  r e p o r t  to  e a c h  e x p e r im e n ta l  s e s s i o n  
in a  r e s t e d  condition. Th is  was n e c e s s a r y  in  o r d e r  to  in s u re  m e n ta l  
and p h y s ic a l  a l e r tn e s s  fo r m a x im u m  p e r fo rm a n c e  in  the  e x p e r im e n ta l  
ta sk .  If fo r  an y  r e a s o n  the  su b je c t  r e p o r te d  th a t  he w as  no t p h y s ic a l ly  
o r m e n ta l ly  a l e r t ,  the  e x p e r im e n ta l  s e s s io n  fo r  th a t  su b je c t  was p o s t ­
poned and an  appo in tm en t m ad e  fo r  a n o th e r  s e s s io n .  T he  o rd e r  of 
p re s e n ta t io n  of the e x p e r im e n ta l  cond itions  w as  b a la n c e d  a c r o s s  s u b ­
je c t s  .
A p p a ra tu s
A ll  p ra c t ic e  and e x p e r im e n ta l  t e s t s  w e re  conducted  in  a so u n d -  
t r e a te d  tw o - r o o m  su i te  lo ca ted  in  the  Speech  and H e a r in g  C e n te r ,  U n i­
v e r s i ty  of O klahom a M e d ic a l  C e n te r .  The p h y s ic a l  a r r a n g e m e n t  of th e  
t e s t  su i te  a llowed v is u a l  c o m m u n ic a t io n  b e tw een  the in v e s t ig a to r  and 
the su b jec t .
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S cre e n in g  A p p a ra tu s
A c o m m e rc ia l ly  a v a i l a b le  p u re  tone  a u d io m e te r  (Beltone 15-CX ) 
feed ing  e i th e r  of two e a rp h o n e s  (T D H -39-IO Z ) w as u sed  in  the  p r e l im in ­
a r y  a u d io m e tr ic  p ro c e d u re s  a d m in is te r e d  to  a l l  s u b je c ts .  The e a r ­
phones w e re  se t  in M X -41 /A R  cush ions  and m ounted in a  s tan d a rd  
headband.
The a co u s tic  outpu t of the a i r -c o n d u c t io n  s y s te m  of th is  a u d io m e ­
t e r  w as c a l ib ra te d  by  m e a n s  of an a u d io m e tr ic  c a l ib ra t io n  unit (W este rn  
E le c t r i c  C o n d en se r  M icrophone  C o m p l in g g g # ^ g k ^ ^ O /D E ,  used in 
con junc tion  w ith  a B a l lan t in e  V a c u j ^ f l ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ l ^ n o d e l  300)
A s im p lif ied  
shown F ig u r e  the
shown
The s ig n a l  (a by  a
T e k tro n ix  type  l 6 l p u lse  g e n e r a t ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ ^ ^ B ^ u l s e  g e n e r a t ­
o r  p a s s e d  th ro u g h  an  a t te n u a to r  350 AR) and
produced  an a co u s t ic  c l ic k  in  the  t e s t  e a rp n o n e .
The shock  s ig n a l  c o n s is te d  of a  pu lse  g en e ra ted  b y  a  T ek tro n ix  
type  l 6 l pu lse  g e n e r a to r  w h ich  w as  fed th ro u g h  an in t e r s t a g e  t r a n s f o r ­
m e r  (S tancor, TA -32) , a v a r ia b le  r e s i s t o r ,  and on to  the  e le c t ro d e s  
w hich  w e re  s e c u re d  to th e  p a lm a r  s u r f a c e  of the s u b je c t 's  th ird  f in g e r .  
S tim u lus  sequence  w as c o n tro l le d  by  a p p ro p r ia te ly  p ro g r a m m in g  the  
G ra s  on Stad 1er 1200 m o d u la r  s e r i e s .  The  p ro g ra m m in g  a p p a ra tu s  
inc luded four AND G a tes  (module 1213) w hich  w e re  a c t iv a te d  by a 
F l i p - F lo p  (module 1214) in  con junction  w ith  a 1 0 0 -se c  T im e r  (module 
1216-A) .
The a co u s t ic  s ig n a l  w as t r a n s d u c e d  and d e l iv e re d  to  the  s u b je c t 's  
t e s t  e a r  by  w ay  of th e  t e s t  e a rp h o n e  (T D H -39-10Z ) . The shock w as 
d e l iv e re d  to the  p a lm a r  s u r f a c e  of the th i r d  f inger of th e  s u b je c t 's  hand
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S c re e n in g  A p p a ra tu s  
A  c o m m e r c ia l ly  a v a i l a b le  p u re  tone a u d io m e te r  (Beltone 15-CX ) 
feeding  e i th e r  of two e a rp h o n e s  (T D H -39-IO Z) w as u sed  in  the  p r e l i m i n ­
a r y  a u d io m e t r ic  p ro c e d u r e s  a d m in is te r e d  to  a l l  s u b je c ts .  The e a r ­
phones w e re  s e t  in  M X -41 /A R  cush ions  and m o u n ted  in  a s ta n d a rd  
headband .
The a c o u s t ic  output of the a i r - c o n d u c t io n  s y s t e m  of th is  a u d io m e ­
t e r  w as  c a l ib ra te d  by m e a n s  of an  a u d io m e tr ic  c a l ib ra t io n  un it (W e s te rn  
E l e c t r i c  C o n d e n s e r  M icrophone  C o m p lim en t,  type  100 /D E , used  in 
con ju n c t io n  w ith  a  B a l lan tin e  V acu u m -T u b e  V o l tm e te r ,  m o d e l  300) .
E x p e r im e n ta l  T e s t  A p p a ra tu s  
A  s im p lif ie d  b lock  d ia g r a m  of the  t im in g  and re c o rd in g  a p p a r a tu s  
is  shown in  F ig u r e  2 and th e  d ia g r a m s  fo r  the two s ig n a l  t r a in s  a r e  
shown in  F ig u r e  3,
The a c o u s t ic  s igna l (a 0. 1 m s e c  pu lse)  w a s  g e n e ra te d  by  a 
T e k tro n ix  type  161 pu lse  g e n e r a to r .  The p u lse  f r o m  the  pu lse  g e n e r a t ­
o r  p a s s e d  th ro u g h  an a t te n u a to r  (Hewlett P a c k a r d ,  m o d e l  350 A R )  and 
p ro d u ced  an  a c o u s t ic  c l ic k  in  the t e s t  e a rp h o n e .
The sh o ck  s ig n a l  c o n s is te d  of a  pulse g e n e r a te d  by  a T e k tro n ix  
type  161 p u lse  g e n e r a to r  w h ich  w as fed th ro u g h  an  in te r s t a g e  t r a n s f o r ­
m e r  ( s ta n c o r ,  TA -32) , a  v a r ia b le  r e s i s t o r ,  an d  on  to  the  e le c t ro d e s  
w hich  w e r e  s e c u r e d  to  th e  p a lm a r  s u r fa c e  of th e  s u b je c t 's  th i rd  f in g e r .  
S t im u lu s  s e q u e n c e  was c o n tro l le d  by  a p p r o p r ia te ly  p ro g ra m m in g  the 
G ra s  on S ta d le r  1200 m o d u la r  s e r i e s .  The p ro g r a m m in g  a p p a ra tu s  
inc luded  fou r  AND G ates (module 1213) w hich  w e r e  a c t iv a te d  by a  
F l i p - F lo p  (m odule  1214) in  con junction  w ith  a  1 0 0 -s e c  T im e r  (module 
1216-A.) .
T he  a c o u s t ic  s ig n a l  w as  t r a n s d u c e d  and d e l iv e r e d  to  the s u b je c t 's  
t e s t  e a r  by  w ay  of the t e s t  e a rp h o n e  (T D H -3 9 -lO Z ) . The shock  w as 
d e l iv e re d  to  th e  p a lm a r  s u r f a c e  of the  th i rd  f in g e r  of the  s u b je c t 's  hand
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K ey to  F low  D ia g ra m
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th ro u g h  gold p la ted  e le c t ro d e s .  A b u r s t  of ra n d o m  no ise  u se d  a s  an  
a l e r t in g  s ig n a l  w as fed to  the  n o n - t e s t  e a r  b y  way of a  com p an io n  e a r ­
phone. Both phones w e r e  s e t  in  M X -41 /A R  cushions and he ld  by  a 
s ta n d a rd  headband .
The c l i c k  o r  the sh o ck  w as  d e l iv e re d  e i th e r  f i r s t  or second  a t  
ra n d o m . R an d o m  p re s e n ta t io n  of the  t e s t  s igna ls  w as ach iev ed  by  the 
u s e  of a  F l ip - F lo p  (module 1214) w hich  ac t iv a ted  one of fo u r  AND 
G a tes  (module 1213) . If the  F l i p - F lo p  was in the s e t  m o d e , an  AND 
G ate  w as f i r e d  which c a u se d  the  c l ic k  to  be p re sen te d  f i r s t .  If the  
F l ip - F lo p  w a s  in  the R e s e t  m o d e , an  AND G ate  w as f i r e d  w h ich  c au sed  
th e  shock  to  b e  p re se n te d  f i r s t .  The F l ip - F lo p  m odu le  w a s  in  e i th e r  
th e  S e t or R e s e t  mode w ith  eq u a l  p ro b a b i l i ty .
A p r o g r a m  sequence  ( c l i c k - in te r v a l - s h o c k  o r  v ice  v e r s a )  a u to ­
m a t ic a l ly  o c c u r r e d  when the a p p a r a tu s  w as m anually  t r i g g e r e d .  A f te r  
th e  p re s e n ta t io n  of the f i r s t  s eq u e n c e ,  the  s u b je c t 's  r e s p o n s e  sw itch  
r e a c t iv a te d  the  s y s te m  eac h  t im e  a  r e s p o n s e  was m a d e .  The s u b je c t 's  
sw i tc h  in i t ia ted  a  pulse  out of th e  su b je c t  C o n tro l  P a n e l  (m odule 1209) 
w h ich  p a ssed  th rough  an  OR Gate (module 1212) , a  S igna l C o n v e r te r  
(m odule 1211) , and a F l i p - F lo p  (module 1214) to t r i g g e r  the  AND 
G a tes  which co n tro lled  the  a u d i to ry  and ta c tu a l  s ig n a ls .  T h is  c i r c u i t  
a r r a n g e m e n t  provided fo r  th e  fo llow ing sequence  of e v e n ts :  a  w a rn in g  
s ig n a l  c o n s is t in g  of a b u r s t  of r a n d o m  n o is e  of 5 0 -m se c  d u ra t io n  
followed by two seconds  of s i l e n c e ,  a  c l ic k  o r  shock, a  v a r ia b le  i n t e r ­
v a l,  and f in a l ly  a  shock o r  c l ic k .  Once the  sub jec t m a d e  h is  r e s p o n s e ,  
two seconds e lap sed  and the  e n t i r e  seq u e n c e  w as r e p e a te d .
The s u b j e c t ' s  r e s p o n s e  b ox  w as c o n s t ru c te d  f r o m  a  s ta n d a rd  
a lu m in u m  c a b in e t  (6" x  9" x  5") in  w h ich  w a s  m ounted  an e ig h t-p o le  
t h r e e - p o s i t io n  l e v e r - a c t io n  sp r in g - lo a d e d  sw itch  (S w itche ra f t ,  m o d e l  
60324Li0) . The sub jec t w as r e q u i r e d  to m ove  the sw itch  l e v e r  upw ard  
w hen  he judged  the  c lo ck  to be f i r s t .  W hen he judged the  sh o ck  to  be
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d e l iv e re d  f i r s t ,  he w as r e q u i r e d  to  m o v e  th e  sw itch  le v e r  dow nw ard .
The sw itch  p o s i t io n s ,  " c l ic k "  and " sh o c k " ,  w e re  a p p r o p r ia te ly  labe led  
on th e  face  of th e  r e s p o n s e  box.
E x p e r im e n ta l  C o n tro l
The v o ltag e  fo r  the  r e f e r e n c e  s ig n a l  (the shock) w as  s e t  by  m ean s  
of an  o s c i l lo sc o p e  (T ek tro n ix  m o d e l  561 A) . T h is  vo ltage  w as  a ls o  
checked  a t  th e  end of e a c h  e x p e r im e n ta l  c o n d it io n  to m ak e  s u r e  the  
vo ltag e  output r e m a in e d  s ta b le  d u r in g  th e  e x p e r im e n ta l  ru n .
The in t e r v a l  b e tw e e n  the  c l ic k  and th e  sh o ck  w as  s e t  w ith  th e  aid 
of an  e l e c t r o n ic  c o u n te r  (D a rc y /T S I ,  m o d e l  36 1 -A -R ) . This i n s t r u ­
m e n t  w as  a l s o  u sed  to  m o n i to r  the  in te r v a l  d u r in g  any  t e s t  s e t .  The 
co m p le te  c a l i b r a t io n  p ro c e d u re  i s  d e s c r ib e d  in  A ppendix  C.
The e n t i r e  e x p e r im e n ta l  a p p a r a tu s  e x c e p t  the  e a rp h o n e s ,  the  
sh o ck  e le c t r o d e s ,  and th e  s u b je c t 's  r e s p o n s e  box w e re  lo ca ted  in  the 
c o n t ro l  ro o m  of a  tw o - r o o m  s o u n d - t r e a te d  su ite .  The s u b je c t  w as  
se a te d  in  th e  t e s t  ro o m  a d ja c e n t  to  the  c o n t ro l  ro o m . A window be tw een  
the  tw o ro o m s  p ro v id ed  f o r  v is u a l  c o m m u n ic a t io n  b e tw een  the  e x p e r i ­
m e n te r  and th e  su b jec t .
P r o c e d u r e
This  e x p e r im e n t  w a s  in tended  to  d e t e r m in e  the  t e m p o r a l  s e p a r a ­
t io n  b e tw een  a n  a c o u s t ic  c l ic k  to  the  e a r  and  a  sh o ck  to the f in g e r  n e c ­
e s s a r y  to c o r r e c t l y  judge  th e i r  o r d e r  of o c c u r r e n c e .  T h is  c r i t i c a l  
in t e r v a l  w as  d e te r m in e d  fo r  four e x p e r im e n ta l  a r r a n g e m e n ts :  (A) c lick , 
r ig h t  e a r - s h o c k ,  r ig h t  f in g e r ;  (B) c lick , l e f t  e a r - s h o c k ,  r ig h t  f in g e r ;
(C) c l ick ,  r i g h t  e a r - s h o c k ,  le ft  f in g e r ;  (D) c lick , le f t  e a r - s h o c k ,  left 
f in g e r .  The o r d e r  of p re s e n ta t io n  of the  e x p e r im e n ta l  cond itions  was 
b a la n c e d  a c r o s s  s u b je c t s .  The in te n s i ty  of the shock  s ig n a l  w as  se t  
by  doubling  th e  vo ltage  n e c e s s a r y  to  e l i c i t  th re s h o ld .  A  m ag n itu d e  
b a la n c e  w as  th e n  p e r fo rm e d  in  w h ich  the  le v e l  of the  c l i c k  w as  ad ju s ted  
u n ti l  the  s u b je c t  judged  th e  c l ic k  and the  sh o ck  to  be of equal m ag n itu d e .
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The i n t e r - s i g n a l  i n t e r v a l  s e p a ra t in g  th e  c l ic k  and th e  sh o ck  w as 
in i t ia l ly  s e t  a t  a  d u ra t io n  w h ich  y ie lded  o n e -h u n d re d  p e r  cent c o r r e c t  
p e r fo rm a n c e .  The s u b je c t  w as r e q u i r e d  to  in d ic a te  w h ich  cam e f i r s t ,  
the  c l ic k  o r  the  shock . The in t e r - s ig n a l  in te r v a l  in  su b se q u e n t  t e s t  
s e ts  w as  d e c r e a s e d  in  d i s c r e t e  s tep s  until the  s u b je c t  fa i led  the  ta s k .
E m ploy ing  a  f o r c e d - c h o ic e  tech n iq u e , su b je c ts  w e r e  r e q u i r e d  
to  in d ica te  in  e a c h  c a s e  by  a p p ro p r ia te ly  pos it ion ing  the  tw o -p o s i t io n  
c e n te r -h o m in g  s w i tc h  m o un ted  on the  s u b je c t - r e s p o n s e  box w h e th e r  
the  c l ic k  o r  the  sh o ck  w as  p re s e n te d  f i r s t .  The c l ic k  o r  the  sh o ck  
w as p re s e n te d  f i r s t  o r  second  r a n d o m ly  fo r  e a c h  i n t e r - s ig n a l  in te rv a l  
t e s t e d .  The t im e  b e tw e e n  e ac h  s ig n a l  p a i r  ( c l i c k - in te r v a l - s h o c k  o r  
v ice  v e r s a )  p r e s e n te d  fo r  su b je c t  ju d g m en t depended  on how long the  
su b jec t  took  to  m a k e  h is  d e c is io n  and r e g i s t e r  h is  r e s p o n s e .  A p p ro x i­
m a te ly  2 seco n d s  a f t e r  the  su b je c t  had re s p o n d e d  to  the p rev io u s  p a i r ,  
a  50 m s e c  b u r s t  of n o i s e  (60-dB  S P L ) a l e r t e d  th e  s u b je c t  to  p r e p a r e  
to  a t ten d  to  th e  e x p e r im e n ta l  s ig n a ls  w h ich  fo llow ed. T he  in te n s i ty  
le v e l  and d u ra t io n  o f  the  c l ic k  and shock  re m a in e d  th e  s a m e  th r o u g h ­
out the  e x p e r im e n t .
T he  su b je c t  r e c e iv e d  im m e d ia te  knowledge of r e s u l t s  co n ce rn in g  
h is  ju d g m e n ts .  P r e v io u s  s tu d ie s  have  shown th a t  im m e d ia te  knowledge 
of r e s u l t s  e l i c i t s  a  s ig n if ic a n t ly  h ig h e r  le v e l  of su b je c t  p e r fo rm a n c e  
(2 1 ) .
Two la m p s ,  one r e d  and  one b lue , w e re  m o u n ted  on the su b jec t  
r e s p o n s e  box. The c i r c u i t  w as  c o n s t ru c te d  so th a t  the  b lue  la m p  would 
ligh t w ith  e ac h  c o r r e c t  r e s p o n s e  w hile  the red  la m p  would light w ith  
eac h  i n c o r r e c t  r e s p o n s e .
T he  p sy c h o p h y s ic a l  m e th o d  em ployed  in th is  s tu d y  was a  v a r i a ­
t io n  of th e  m ethod  o f  l im i t s .  F o r  e a c h  t e s t  s e t ,  the  n u m b e r  of c o r r e c t  
r e s p o n s e s  n e c e s s a r y  to  p a s s  the  t a s k  a t  a  f iv e - p e r  c en t  lev e l  of c o n f i­
dence  o r  fa i l  a t  a  o n e - p e r  c e n t  lev e l  of confidence  w as  d ic ta te d  b y  a
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ta b le  of S eq u en tia l  A n a ly s is  (33) . The use  of seq u en tia l  a n a ly s is  
m in im iz e d  the  n um ber of t r i a l s  n e c e s s a r y  to  a t ta in  p a s s  o r  fa i l  c r i ­
t e r i o n  a t  a  g iven  leve l of confidence .
The su b jec t  w as s ea te d  c o m fo r ta b ly  in  the  te s t  su ite  and th e  
a p p r o p r ia t e  in s t ru c t io n s  r e c o r d e d  in Appendix  A w ere  r e a d .  The 
sp e c if ic  in s t ru c t io n s  fo r  e a c h  ta s k  w e r e  r e a d  to  the s u b je c t  i m m e d ia t e ­
ly  p r io r  to  h is  p e r fo rm in g  th a t  ta sk .  Fo llow ing  the p r e s e n ta t io n s  of 
th e  in s t r u c t io n s  to the  su b jec t ,  the e le c t ro d e s  w e re  tap ed  to  the s u b ­
j e c t ' s  f in g e r s  and the  e a rp h o n e s  w e re  po s i t io n ed . The r e s p o n s e  box 
w as  p laced  on a  tab le  a t  the  s ide  of the  su b je c t  opposite  to th a t  r e ­
ce iv in g  th e  shock  s ig n a l .  T h re sh o ld  fo r  the  shock  s t im u lu s  was then  
d e te r m in e d  using  a  m odif ied  m ethod of l im i t s .  T h resh o ld  w as defined  
a s  the  m in im a l  vo ltage  th a t  would evoke two re s p o n se s  to any  th r e e  
c o n se c u t iv e  s t im u lu s  p re s e n ta t io n s .
A f te r  th e  th re sh o ld  fo r  the  sh o ck  had b een  e s ta b l ish e d ,  the  
v o l ta g e  d e l iv e re d  to  the  s u b je c t  was m e a s u r e d  using an o s c i l lo sc o p e .
A  r e s i s t a n c e  su b s ti tu t io n  box s e t  a t  f i f ty - th o u san d  ohm s w as  su b s ti tu ted  
fo r  th e  s u b je c t  du ring  th is  m e a s u r e m e n t .  The th re sh o ld  vo ltage  was 
th e n  doubled  fo r  the  e x p e r im e n ta l  ru n s .  The voltage d e l iv e re d  to  the  
e le c t ro d e s  w as  kept c o n s ta n t  and th e  su b je c t  m a d e  a su b jec t iv e  m a g n i ­
tu d e  b a la n c e  of the two s t im u l i .  The a t te n u a to r  con tro ll in g  the  i n t e n s i ­
ty  of the  c l i c k  w as m an ip u la ted  by  the  e x p e r im e n te r  until the su b je c t  
judged  the sh o ck  and c l ic k  to  be of eq u a l  m agnitude . The in te n s i ty  of 
the  c l ic k  w a s  ad ju s ted  f i r s t  in an a sce n d in g  and then in a  d e sce n d in g  
m a n n e r .  If the  two p ro c e d u re s  r e s u l t e d  in  a  d if fe ren t  a t te n u a to r  s e t ­
t in g  fo r  a  ju d g m en t of equality ,  an  a v e r a g e  of the  two p r o c e d u r e s  w as 
ta k e n  and th e  a t te n u a to r  w as  s e t  to  th e  n e a r e s t  dec ibe l se t t in g .  This  
s a m e  p ro c e d u re  w as r e p e a te d  fo r  a l l  fou r e x p e r im e n ta l  cond itions : 
i .  e . , the  c l i c k  to the  r ig h t  e a r  was b a lan ced  ag a in s t  the  shock  to  the 
r ig h t  f in g e r ;  the c l ick  to the  le ft  e a r  w as b a lan ced  a g a in s t  the shock  
to  th e  r ig h t  f in g e r ;  the  c l ick  to  the r ig h t  e a r  w as ba lanced  a g a in s t  th e
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shock  to the  le f t  f in g e r ;  the  c l i c k  to the le ft  e a r  w as b a lan ced  ag a in s t  
the  shock  to  the  le f t  f in g e r .  The a t te n u a to r  v a lu es  ob ta ined  in  th is  
m a n n e r  w e re  e m p lo y ed  th ro u g h o u t the e x p e r im e n ta l  ru n s .
Once th r e s h o ld  had b een  e s tab lish ed  and the m ag n itu d e  ba lance  
be tw een  the  sh o ck  and the  c l ic k  obtained, th e  a t te n u a to r s  w e re  s e t  a t  
the  a p p ro p r ia te  le v e l .  T w enty  se ts  of the  s t im u lu s  p a t t e r n  (10 in  
w hich  the  c l ic k  w as  d e l iv e re d  f i r s t  and 10 in  w hich  the  shock  w as 
d e l iv e re d  f i r s t )  w e r e  p re s e n te d  to allow the  su b jec t  to b e co m e  a c c u s ­
tom ed  to th e  t a s k .  The su b jec t  w as then a l e r t e d  th a t  th e  e x p e r im e n ta l  
ru n  w as to  b eg in .
In o r d e r  to  avoid  any con tam ina tion  of the  r e s u l t s  due to  p ra c t ic e  
e ffe c ts ,  a l l  s u b je c ts  w e re  ex ten s iv e ly  t r a in e d  in  p r a c t i c e  s e s s io n s  p r io r  
to  the  c o l le c t io n  of th e  e x p e r im e n ta l  da ta .
A cco rd in g  to  the  b a lan c e d  o rd e r  of t r e a tm e n t s  shown in  Table  3 
the  eq u ip m en t w as  a d ju s ted  fo r  the e x p e r im e n ta l  cond itions  to  be te s ted .
TABLE 3
BALANCED ORDER O F  CONDITIONS FOR SU B JEC TS
S ubjec ts A
C onditions  
B C D
1 1 4 3 2
2 2 3 1 4
3 4 1 2 3
4 3 2 4 1
The v a r ia b le  i n t e r - s i g n a l  in te rv a l  was in i t ia l ly  s e t  fo r  a d u ra t io n  four 
m s e c s  lo n g e r  th a n  the  s h o r t e s t  in te rv a l  the  su b jec t  had p a sse d  in  the  
t ra in in g  s e s s io n .  T he in te r v a l  w as then d e c r e a s e d  in  2 m s e c  s teps  
u n til  the  s u b je c t  fa i le d  the  t a s k .  The in te r v a l  w as  th e n  ad ju s ted  in  1
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m s e c  and 0. 5 m s e c  s tep s  until th e  c r i t i c a l  i n t e r v a l  fo r  the  c o r r e c t  
ju d g m e n t  of te m p o ra l  o r d e r  was m e a s u r e d  to  the  n e a r e s t  0 .5  m s e c .
T ab le  4 shows an  exam ple  of the  in d iv id u a l  s u b je c t  da ta  fo rm .
It can  be  see n  th a t  the  in te rv a l  b e tw een  the  two even ts  w as initially- 
s e t  a t  30 m s e c  and d e c r e a s e d  in  2 m s e c  s te p s  until  the  sub jec t 
fa iled  th e  t a s k  (20 m s e c )  . The in te rv a l  w as th e n  s e t  a t  21 m s e c  
and th e  su b je c t  p a s s e d .  F in a lly ,  w hen the  i n te r v a l  w as  s e t  a t  20 .5  
m s e c  th e  su b je c t  fa iled  the  ta sk .  F o r  th is  s u b je c t  th e n  the  c r i t i c a l  
in t e r v a l  m e a s u re d  to  the n e a r e s t  0. 5 m s e c  w a s  21. 00 m s e c .  This 
s a m e  p ro c e d u re  d e te rm in e d  the c r i t i c a l  in t e r v a l  fo r  e ac h  e x p e r im e n ta l  
cond ition .
T A B L E  4
EX A M PLE  OF INDIVIDUAL S U B JE C T  DATA FORM
I n te rv a l No. C o r r e c t No. I n c o r r e c t P a s s F a i l
30 m s e c 10 0 X
28 m s e c 12 4 X
26 m s e c 14 5 X
24 m s e c 14 5 X
22 m s e c 24 11 X
20 m s e c 16 15 X
21 m s e c 34 17 X
20. 5 m s e c 25 20 X
The shock  or the  c l ick  o c c u r re d  f i r s t  in  ra n d o m  fash ion . The 
s u b je c t  judged w hich  c am e  f i r s t ,  th e  c lick  o r  the  sh o ck , and r e c o rd e d  
h is  r e s p o n s e  by m oving th e  r e s p o n s e - s w i tc h  le v e r  ho u sed  in the 
r e s p o n s e  box to  the  a p p ro p r ia te ly  d e s ig n a te d  p o s it io n .  Im m ed ia te  
knowledge of r e s u l t s  w as provided by  the s y s t e m  of la m p s  located  on 
the  face  of the  su b jec t  r e s p o n se  box . If the r e s p o n s e  w a s  c o r r e c t .
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the  b lue  la m p  w as  i l lu m in a te d .  If the  r e s p o n s e  w as  in c o r r e c t ,  the  
re d  la m p  w as  i l lu m in a te d .  A p p ro x im a te ly  2 s e c o n d s  a f te r  the s u b ­
je c t  m a d e  h is  r e s p o n s e ,  a  w a rn in g  s ig n a l  (b u r s t  of ra n d o m  no ise)  w as 
d e l iv e re d  to  th e  n o n - te s t  e a r  and the s ig n a l  p a i r  w as again  p re s e n te d .  
W hen th e  s u b je c t  had p a s se d  the ta sk s  a s  d ic ta te d  by a  tab le  of s e ­
q u e n t ia l  a n a ly s is ,  the  in te r v a l  w as re d u c e d  a c c o rd in g  to  th e  a f o r e ­
m en tio n ed  sch ed u le .  T h is  s a m e  p r o c e d u r e  wa.j fo llowed fo r  a l l  e x p e r i ­
m e n ta l  co n d i t io n s .
T he  d e s ig n  of th is  s tudy  in c o r p o r a te d  s e v e r a l  f e a tu re s  fo r the  
p u rp o se  of m in im iz in g  e x p e r im e n ta l  e r r o r ,  s am p l in g  e r r o r  and i n t e r ­
su b jec t  v a r ia b i l i ty .  T hey  w e re :  ( l)  a p p r o p r ia t e  c a l ib ra t io n  ch eck s  a t
r e g u la r  in te r v a l s  on a l l  s ig n a l  p a r a m e t e r s ;  (2 ) the  su b jec tiv e  m a g n i ­
tude b a la n c e s  b e tw een  the c lick  and sh o ck  s t im u l i ;  (3) a  hom ogenous 
g ro u p  of young a l e r t  su b je c ts  who a r e  h ig h ly  t r a in e d  in  the e x p e r i ­
m e n ta l  t a s k ;  (4) f r e q u e n t  r e s t  p e r io d s  to  m in im iz e  fa tigue ; (5) the 
te s t in g  m e th o d  w hich  inc luded  s e q u e n t ia l  a n a ly s i s  and im m e d ia te  know ­
ledge  of r e s u l t s .
T he  ra w  d a ta  w e re  su b m itted  fo r  s t a t i s t i c a l  a n a ly s is .  The e x p e r i ­
m e n ta l  d e s ig n  w as a tw o -fa c to r  f a c to r a l  e x p e r im e n t  w ith  re p e a te d  
m e a s u r e s  on bo th  f a c to r s .  A f a c to r i a l  a n a ly s i s  w as p e r fo rm e d  to  t e s t  
for m a in  e f fe c ts  and s im p le  e ffe c ts .  In  a d d i t io n  to  the  o v e r - a l l  a n a ly ­
s is  o f  v a r i a n c e ,  the  conditions  s u m s  of s q u a r e s  w as p a r t i t io n ed  to  t e s t  
for d i f f e r e n c e s  a cc o rd in g  to w hich  e a r  r e c e iv e d  th e  a u d i to ry  s t im u lu s .
T he  s t a t i s t i c a l  d e s ig n  w as s e le c te d  in  c o l la b o ra t io n  w ith  the  
d e p a r tm e n t  of Bio s t a t i s t i c s  and E p id em io lo g y  of the  U n iv e rs i ty  of 
O k lah o m a  School of M ed ic ine .
S u m m a ry
T h is  s tudy  w as  d e s ig n ed  to m e a s u r e  the  c r i t i c a l  te m p o ra l  i n ­
t e r v a l  s e p a r a t in g  a  c l ic k  to  the  e a r  and a  sh o ck  to  the  f in g e r  n e c e s s a r y  
to c o r r e c t l y  judge th e i r  o r d e r  of o c c u r r e n c e .  F o u r  n o r m a l - h e a r in g
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r ig h t -h a n d e d  p e r s o n s  b e tw ee n  20 and 30 y e a r s  of age w ith  no known 
h i s to r y  of e a r  pa tho logy  o r  n e u ro lo g ic a l  d i s o r d e r s  s e rv e d  a s  s u b jec ts  
fo r  th is  in v e s t ig a t io n .  F o u r  cond itions  w e re  te s t e d  u t i l iz in g  i p s i ­
l a t e r a l  and c o n t r a l a t e r a l  p a i r in g  of th e  a c o u s t ic  and ta c tu a l  s ig n a ls .  
The four co n d itio n s  te s te d  w e re :  (A) c l ic k  to  th e  r ig h t  e a r - s h o c k  to 
the  r ig h t  f in g e r ;  (B) c l ic k  to the  le ft  e a r - s h o c k  to the r ig h t  f in g e r ;
(C) c lick  to  th e  r ig h t  e a r - s h o c k  to  the  le f t  f in g e r ;  and (d ) c l ic k  to  the  
le f t  e a r - s h o c k  to the  le f t  f in g e r .
A m o d if ied  p sy ch o p h y s ic a l  m e th o d  of l im i t s  to g e th e r  w ith  s e ­
q u en tia l  a n a ly s i s ,  h igh ly  p ra c t ic e d  s u b je c ts  and im m e d ia te  knowledge 
of r e s u l t s  w as  em ployed  in  g a th e r in g  the  d a ta .  Th is  d e s ig n  was e x ­
pected  to b e  of m o tiv a t io n a l  and t r a in in g  va lue  in  ob ta in ing  a  m o re  
p r e c i s e  m e a s u r e  of the  c r i t i c a l  i n t e r v a l  d e r iv e d  f r o m  ju d g m en ts  of 
the  t e m p o r a l  o r d e r  of s e ts  of p a i re d  a c o u s t ic  and ta c tu a l  s t im u l i .
CHAPTER IV 
R ESU LTS AND DISCUSSION 
In troduction
This in v e s t ig a t io n  w as d e s ig n ed  to d e te r m in e  the  a b i l i ty  of n o r ­
m a l  su b je c ts  to d i s c r im in a te  the  te m p o ra l  o r d e r  of a  p a ire d  a u d i to ry  
and a  t a c tu a l  s t im u lu s  event. F o u r  s u b jec ts  w e re  s tud ied  to define  
the  te m p o r a l  in t e r v a l  b e tw een  a  c lick  to th e  e a r  and  a  shock  to  the  
f in g e r  n e c e s s a r y  to id e n t i fy  c o r r e c t l y  th e i r  o rd e r  of p re s e n ta t io n .  
Th is  te m p o r a l  i n t e r v a l  w as defined  under fou r  co n d itio n s :  (A) c l ic k  
r ig h t  e a r  - shock  r i g h t  f in g e r ,  (b ) c l ick  le f t  e a r  - sh o ck  r ig h t  f in g e r ,  
(C) c l ic k  r ig h t  e a r  - sh o c k  le ft  f in g e r ,  (d ) c l ic k  le f t  e a r  - shock  le f t  
f in g e r .
One o f the p u rp o s e s  of th is  study w as  to d e te r m in e  if th e  i n t e r ­
s ig n a l  in t e r v a l  would change a cco rd in g  to  i p s i l a t e r a l  o r  c o n t r a l a t e r a l  
p a i r in g  of the  two s t im u l i .  T h is  finding h a s  been  re p o r te d  in a  p r e ­
v ious in v e s t ig a t io n  u s in g  v isu a l  and ta c tu a l  s t im u la t io n  (8) .
Two m o d e s  of s t im u lu s  p re s e n ta t io n  w e r e  u t i l iz e d  in o r d e r  to 
d e te r m in e  an y  o r d e r  e ffec ts  due  to s t im u la t io n  of one m o d a l i ty  p r io r  
to th e  o th e r .  In one m o d e  the  c l ic k  w as  a lw ay s  p r e s e n te d  f i r s t  (mode
1) . Thus, the  s t im u lu s  p a t te rn  in m ode 1 w as c l i c k  - in t e r v a l  - 
shock . In th e  o th e r  m ode  the sh o ck  w as a lw ay s  p re s e n te d  f i r s t  (mode
2) , y ie ld ing  a s t im u lu s  p a t te rn  of shock  - i n t e r v a l  - c l ick .
A m odif ied  p s y c h o p h y s ic a l  m ethod of l im i ts  w as  em ployed  using 
a tw o - a l te rn a t iv e  fo rc e d  - cho ice  tech n iq u e . T he  s u b je c t 's  t a s k  w as 
to judge  w hich  c a m e  f i r s t ,  th e  c l ic k  o r  the  shock . The in te rv a l  b e ­
tw een  the  tw o s ig n a ls  w as red u ced  in 2 m s e c  s te p s  u n ti l  the s u b je c t
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could no lo n g e r  p a s s  th e  ta s k .  P a s s  or fa i l  c r i t e r io n  was d ic ta ted  by  
a ta b le  of s eq u e n t ia l  a n a ly s i s  (33) . The cond itions  te s te d  w e r e  b a l ­
anced  so  th a t  e a c h  cond ition  w as te s te d  f i r s t ,  second, th ird  o r  fo u r th  
an  equal n u m b er  of t im e s  to  m it ig a te  any  o r d e r  e ffe c ts .
The r e s u l t s  o b ta ined  fo r  e ac h  of the  e x p e r im e n ta l  conditions a r e  
r e p o r te d  and d i s c u s s e d  in  the  following s e c t io n s .
R esu l ts
The m ean  c r i t i c a l  in t e r v a l  fo r  a l l  cond itions  te s t e d  in  th is  in ­
v e s t ig a t io n  ra n g e d  f r o m  18 .88  to 23. 25 m s e c .  Indiv idual su b je c t  d a ta  
is  p re s e n te d  in  T ab le  5. The c r i t i c a l  i n t e r v a l  is  defined  as  the  s m a l l ­
e s t  i n t e r - s ig n a l  i n t e r v a l  th a t  a llow ed s u b je c ts  to  id en tify  c o r r e c t l y  the 
te m p o ra l  o r d e r  of the  two even ts ; one a u d i to ry ,  the o th e r  ta c tu a l .  
Ind iv idual c r i t i c a l  i n t e r v a l s  obta ined  as  raw  d a ta  ra n g ed  f ro m  14. 5 to 
2 6 .5  m s e c .  The c r i t i c a l  in te rv a l  fo r  e a c h  condition  w as  ob ta ined  under 
two m o d es  of p r e s e n ta t io n .  In the f i r s t  m o d e , the c l ic k  w as p re se n te d  
f i r s t  and the sh o ck  sec o n d .  The o r d e r  w as  r e v e r s e d  in  the second  m ode; 
th a t  i s ,  the  sh o ck  w as p re s e n te d  f i r s t ,  fo llow ed by th e  c lick . The da ta  
fo r  th e  two m o d es  of p re s e n ta t io n  a r e  la b e le d  s u b s c r ip t  1 (c l ick -sh o ck )  
and s u b s c r ip t  2 (s h o c k -c l ic k )  . T hus , a  to ta l  of e igh t conditions w e re  
te s te d .
When the c l ic k  w as  p re s e n te d  to  th e  r ig h t  e a r  and the shock  to  
the r ig h t  f in g e r  (cond itions  A i and Ag) th e  c r i t i c a l  in te rv a l  fo r  A^ was 
20 .38  m s e c  and fo r  A 2 , 18 .88  m s e c .  W hen the  c l ic k  w as p re s e n te d  
to the  le ft  e a r  and th e  sh o ck  to  the r ig h t  f in g e r  (conditions B i and 6 3 ) 
the c r i t i c a l  in t e r v a l  w a s  22. 00 m s e c  fo r  B i and 21. 25 for B 2. When 
the  c l ic k  w as p r e s e n te d  to  the  r ig h t  e a r  and the shock  to  the  le f t  f inger 
(conditions and C 2) th e  c r i t i c a l  in te r v a l  fo r  Cj w as  23. 25 m s e c
and fo r  C 2, 2 2 .0 0  m s e c .  W hen bo th  the c l ic k  and the  shock w e re  p r e ­
sen ted  to  the  s a m e  s id e ,  c l ick , le f t  e a r  - shock , le f t  f inger (conditions
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and Dg) , the r e s u l t a n t  c r i t i c a l  in t e r v a l  w as  21. 50 m s e c  fo r  D j and
20. 00 fo r  Dg.
T ab le  6 shows th e  a n a ly s i s  of v a r i a n c e  fo r  th e s e  da ta .  It is  
a p p a re n t  f r o m  th is  a n a ly s is  th a t  i t  m a d e  no s ig n if ic a n t  d if fe ren c e  if 
th e  s t im u lu s  w as d e l iv e re d  to  the  s a m e  s ide  o f  the  body o r  opposite  
s id e s  a s  t h e r e  w e re  no s ig n if ic an t  d i f f e r e n c e s  am ong the conditions 
te s t e d  (F =1 .31  P ^ .  05) . F u r t h e r ,  th e  d i f f e r e n c e  o b se rv ed  w as  not 
s ig n if ic an t  when the  sh o ck  o r  c l ic k  w as p r e s e n te d  f i r s t  a s  the d i f f e r ­
en ce s  a t t r ib u ta b le  to  th e  m ode  of p r e s e n ta t io n  r e s u l te d  in an  F  of 
< 1  ( P > . 0 5 )  .
S ince  th e re  w e re  no s ig n if ic an t  d i f f e r e n c e s  be tw een  the two 
m o d es  of p re s e n ta t io n ,  an  a n a ly s is  of v a r i a n c e  w as  p e r fo rm e d  by 
com bin ing  the  to ta ls  fo r  e a c h  cond ition  and p a r t i t io n in g  the  cond ition  
s u m  of s q u a r e s  into f in g e rs  w ith in  r ig h t  e a r ,  f in g e r s  w ith in  le ft  e a r  
and  e a r s  ig n o r in g  f in g e r s .  E a c h  c o m p a r i s o n  is independent and is 
b a se d  on one d e g re e  of f r e e d o m .  The d a ta ,  t h e r e f o r e ,  a r e  a r r a n g e d  
in  an  o r th o g o n a l  se t .  Table  7 shows the  c o m p a r i s o n s ,  d iv is io n s  and 
su m s  of s q u a r e s .  An a n a ly s i s  of v a r ia n c e  show n in  T able  8 re v e a le d  
th a t  th e re  w e re  no s ig n if ic a n t  d i f f e r e n c e s  in  the  c r i t i c a l  in t e r v a l  when 
the  a u d i to ry  s ig n a l  w as  d e l iv e re d  to  e i th e r  th e  r ig h t  o r  le f t  e a r .  F u r ­
th e r m o r e ,  th e re  w as no s ig n if ic a n t  d i f f e r e n c e  b e tw een  p a i r in g  the  
r ig h t  e a r  w ith  the r ig h t  f in g e r  and p a i r in g  th e  r ig h t  e a r  w ith  the left 
f in g e r .  T h is  s am e  finding ob ta ined  w hen  th e  le f t  e a r  r e c e iv e d  the 
au d ito r  y s ig n a l .  The c r i t i c a l  in t e r v a l  w a s  no t s ig n if ic a n t ly  d i f f e r e n t  
w hen the  le f t  e a r  w as p a i re d  w ith  the  le f t  f in g e r  than  when the  le ft  
e a r  w as p a i re d  w ith  the  r ig h t  f in g e r .
A lthough th e r e  w e re  no s ig n if ic a n t  d i f f e r e n c e s  am ong th e  e x p e r i ­
m e n ta l  conditions  in  th is  s tudy , so m e  t r e n d s  a p p e a r  in  the d a ta .
F ig u r e  (4) shows the m e a n  c r i t i c a l  i n t e r v a l  fo r  e ac h  condition . Upon 
in sp ec t io n  of th is  g ra p h ic  i l lu s t r a t io n  of the  d a ta ,  th r e e  t r e n d s  a r e  
a p p a ren t .  F i r s t ,  the  c r i t i c a l  in t e r v a l  w as  a lw ay s  s m a l l e r  fo r  each
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T A B L E  6
SUMMARY O F THE ANALYSIS O F VARIANCE AND FAC TOR AL 
ANALYSIS O F  THE E X P E R I M E N T i ^ ^ ^ A .
S o u rc e D e g re e  of 
F r e e d o m
S u b jec ts  3
M ode I
S u b je c ts  X Mode 3
C o nd itions  3
S u b je c ts  X C onditions 9
M ode X C onditions  3
S u b je c ts  X Mode X 9
C ond ition
0 .75000
61 .0 6 2 5 0
T o ta l 31 274 .21875
1 .3 1 »
0. 2500 < 1 »
6 .78 4 7 2
* Not s ig n if ic a n t  a t  the  .0 5  le v e l  of 
co n fid en ce
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T A B L E  6
SUMMARY O F  THE ANALYSIS OF VARIANCE AND FACTORAL 
ANALYSIS O F THE E X P E R IM E N T A L  DATA
S o u rce D e g re e  of 
F r e e d o m





S ub jec ts 3 33. 40625
Mode 1 12. 50000 12. 5000 < 1 *
S u b jec ts  X M ode 3 37.93750 12.64583
C onditions 3 39 .09375 13.03125 1 .3 1 *
S ub jec ts  X C ond itions 9 89 .46875 9.94097
Mode X C onditions 3 0.75000 0. 2500 < 1  *
S u b jec ts  X M ode X 
C ondition
9 61 .0 6 2 5 0 6.78472
T o ta l 31 274 .21875
* Not s ig n if ic a n t  a t  the . 05 le v e l  of 
con fidence
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TA B L E  7
PA R TITIO N  O F CONDITIONS SUM O F  SQUARES
C l
C ondition  T o ta ls  
Cz C 3 c ^ D iv i­ Sam  of
C o n t r a s t 157. 0 173. 0 181.0 166 .0 T o ta l s o r S q u a re s
F in g e r s  w ith in  
r ig h t  e a r -1 0 1 0 24 16 36.00000
F in g e r s  w ith in  
le f t  e a r 0 -1 0 1 -7 16 3 .06250
E a r s  Ignoring  
f in g e rs
-1 1 -1 1 1 32 0 .03125
T A B L E  8
ANALYSIS OF VARIANCE O F  THE 
PA R TIT IO N  O F  CONDITIONS SUM O F SQUARES
S o u rce
D e g re e  of 
F r e e d o m
Sum  of 
S q u a re s
M ean
S q u a re F
C onditions 3 39 .0 9 3 7 5
F in g e r s / R i g h t  E a r 1 36 .0 0 0 0 0 36 .00000 3 .6 2 *
F i n g e r s / L e f t  E a r 1 3 .0 6 2 5 3 .0 6 2 5 <1*
E a r s  Igno r ing  F in g e r s 1 .0 3125 0 .0 3125 <1 *
S u b jec ts  X C ond itions 9 8 9 .4 6 8 7 5 9 .94097







C lic k -S h o c k
S h o c k -C l ic k
A B C D
C ondition
F ig .  4 -  M ean  C r i t i c a l  I n te r v a l  a s  a  fu n c tio n  of m o d e  of p re s e n ta t io n
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e x p e r im e n ta l  condition when the  shock  w as  p re s e n te d  f i r s t  th an  w hen 
the  c l ick  w as  p re sen te d  f i r s t .  Second, the  in te rv a l  w as a lw ays  s m a l l ­
e r  w hen the  c l ic k  and the shock  w e re  p re s e n te d  to  the  s a m e  s id e  as in  
cond itions  A (click  r ig h t  e a r  - sh o ck  r ig h t  f in g e r)  and D (c l ick  le f t  
e a r  - shock  le f t  f inger)  than w h en  the s t im u l i  w e r e  p re s e n te d  to oppo­
s i te  s id es  a s  in  conditions C (c lick  r ig h t  e a r  - sh o ck  left  f in g e r )  and 
B (c lick  le f t  e a r  - shock  r ig h t  f in g e r )  . F in a l ly ,  the  r e la t io n s h ip s  
a m o n g  the  conditions  was the s a m e  fo r b o th  m odes  of p re s e n ta t io n .
D is c u s s io n
The r e s u l t s  of th is  in v es t ig a t io n  a r e  in  good a g re e m e n t  w ith  the  
find ings  of H i r s h  (17) and H i r s h  and S h e r r i c k  (19) , a lthough  b o th  the 
s ig n a l  e v en ts  and the p ro c e d u re s  em ployed d if fe r .  H i r s h  and 
S h e r r i c k  (19) d e te rm in e d  in  a  s e r i e s  of e x p e r im e n ts  the  t e m p o r a l  i n ­
t e r v a l  b e tw een  two events n e c e s s a r y  fo r  th e  o b s e r v e r  to c o r r e c t l y  
id en tify  w h ich  o c c u r re d  f i r s t  s ev e n ty -f iv e  p e r  c en t  of the t im e .  This 
i n t e r v a l  w as  e s ta b l ish e d  for the v isu a l ,  a u d i to ry  and ta c tu a l  s y s te m s  
and  a lso  fo r  p a ire d  m o d a l i t ie s .  The te m p o r a l  in te r v a l  w as found to be 
on th e  o r d e r  of 20 m s e c  r e g a r d l e s s  of w h ich  m o d a l i ty  was s t im u la te d .  
P a i r in g  two m o d a l i t ie s ,  v isu a l  - ta c tu a l ,  a u d i to ry -v i s u a l ,  au d i to ry  - 
ta c tu a l ,  did n o t  yield a  d if f e re n t  r e s u l t  th a n  when the  two even ts  o c c u r r ­
ed w ith in  th e  sam e  m odality . H i r s h  and S h e r r i c k  (19) concluded  tha t;
. . . " th e  judgm ent of o r d e r  r e q u i r e s  th a t  two p ieces  
of in fo rm a t io n  m u s t  be o rg a n iz ed  w ith  r e s p e c t  to 
t im e  and tha t  i t  does n o t  m a t t e r  w h e re  th e s e  two p iece s  
of in fo rm a t io n  com e f ro m ;  th a t  i s ,  th e y  m a y  com e f r o m  
d i f f e r e n t  p a r ts  of the s a m e  s e n s o ry  m e c h a n is m  o r  they  
m a y  ev en  com e fro m  d i f f e r e n t  s e n s e  m o d a l i t ie s " .
In an  e a r l i e r  study, H i r s h  (17) r e p o r te d  th a t  th e  c r i t i c a l  in t e r v a l
fo r  p u re  tone  au d i to ry  s t im u li  w a s  20 m s e c .  B ro a d b en t  and L adefoged
(4) w e r e  c r i t i c a l  of the w ork . T hey  s ta ted  th a t  a s  the m agn itude  of
th e  t e m p o r a l  in te rv a l  be tw een sounds a l r e a d y  c lo se  in  t im e  i s  changed
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a  q u a l i ty  d i f f e r e n c e  w ill  be  no ted . It w as  su g g es te d  by  th e s e  au th o rs  
th a t  the  s u b je c ts  in  H i r s h 's  s tudy  w e re  m ak ing  th e i r  ju d g m en ts  on 
th is  qu a li ty  change r a t h e r  than  the  t ru e  o r d e r  of o c c u r re n c e .  The 
r e s u l t s  of th e  p r e s e n t  in vest iga tion , a s  w e ll  a s  th e  s tu d ie s  of H irsh  
and  S h e r r i c k  (19) , su g g es t  th a t  th is  w as not the  c a s e .  A judgm ent 
on the  b a s i s  of a  q u a li ty  change w hen the two s t im u lu s  even ts  a r i s e  
f r o m  s e p a r a te  s e n s e  m o d a li t ie s  s e e m s  unlikely .
One o f  th e  p u rp o s e s  of the  p re s e n t  s tudy  w a s  to  d e te rm in e  if the 
c r i t i c a l  in t e r v a l  fo r  jud g m en t of te m p o ra l  o r d e r  would d iffe r  a c c o r d ­
ing to w hich  f in g e r  and w hich  e a r  w as being s t im u la te d .  E f ro n  (8) 
p a i re d  v is u a l  and ta c tu a l  s t im u lus  even ts  and in v e s t ig a te d  la te r a l i ty  
conditions  l ik e  th o se  s tud ied  in  th is  e x p e r im e n t  p a i r in g  a u d i to ry  and 
ta c tu a l  m o d a l i t i e s .  The d a ta  f r o m  the  p r e s e n t  e x p e r im e n t  a r e  c o m ­
p a re d  to E f r o n 's  d a ta  in T ab le  9.
The im p o r ta n t  c o m p a r iso n s  a r e  to be m a d e  not am ong the n o m in ­
a l v a lu e s ,  b u t  a c r o s s  conditions . I t  should be  po in ted  out th a t  the 
c r i t i c a l  i n t e r v a l  in  E f ro n 's  s tudy  w as e s ta b l ish e d  by obta in ing  a ju d g ­
m e n t  of s im u l ta n e i ty  w h e re a s  the  in te rv a l  in  th e  p r e s e n t  s tu d y  is  b a sed  
on ju d g m e n ts  of c o r r e c t  o r d e r .  The in te rv a ls  ob ta ined  in th is  in v e s t i ­
ga tion  p a ir in g  a u d i to ry  and ta c tu a l  even ts  w e re  l a r g e r  than  th o se  ob ­
ta in ed  by E f ro n  (8) fo r  p a ire d  v isu a l  and ta c tu a l  e v e n ts .  I t  i s  doubt­
ful th a t  the  m ag n itu d e  of the  d if fe ren c e  be tw een  E f r o n 's  d a ta  and the 
r e s u l t s  of th is  s tudy  can  be a t t r ib u te d  to the  d i f f e r e n c e  in the  kind of 
ju d g m en t r e q u i r e d  of the  su b jec ts .  It s e e m s  lo g ic a l  th a t  w hen  the 
i n t e r - s i g n a l  in t e r v a l  w as sh o r ten ed  to  a  point w h e re  the  o b s e r v e r  
could no lo n g e r  c o r r e c t l y  judge the  o r d e r  of s t im u lu s  o c c u r re n c e ,  the 
two events  a r e  judged  a t  tha t point to  be s im u l ta n e o u s .  S ince the 
c r i t i c a l  in t e r v a l  in  th is  s tudy  w as m e a s u re d  to  th e  n e a r e s t  0. 5 m s e c ,  
a  ju d g m en t of s im u l ta n e i ty  w as  sa id  to  have o c c u r r e d  a t  C l m inus  0. 5 
m s e c .  F ig u r e  5 show s a  g rap h ic  c o m p a r iso n  of the  two s tu d ie s .  The
TABLE 9
COM PARISON O F  E F R O N 'S  D A TA  W ITH T H E  R E SU L T S O F  TH E P R E S E N T  STUDY
E fro n LS - RS L V F - R V F RS - R V F RS - L V F LS - R V F LS - L V F
2. 50 9 .7 5 1 1 .2 5 1 8 .0 0 1 3 .2 5 17. 25
P r e s e n t R F  - R E R F  - L E L F - R E L F  - L E
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P r e s e n t  Study 
E f r o n 's  D a ta
10
A CB DC ondition
00
F ig .  5 - C o m p a r is o n  of p r e s e n t  s tu d y  w ith  E f r o n 's  d a ta
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d a ta  points  d isp la y ed  on th e  g ra p h  for the  p r e s e n t  s tudy  a re  m e a n  
a v e r a g e s  of the  two m o d e s  of p re s e n ta t io n  fo r  e ach  e x p e r im e n ta l  
co n d it io n s .  A lthough  t h e r e  a r e  som e s i m i l a r i t i e s  in  the two c u rv e s ,  
the  s a m e  re la t io n s h ip s  am o n g  conditions  do not hold.
E f ro n  c o n s t r u c te d  a  m o d e l  in w hich  he h y p o th es ized  tha t the  
d i s c r im in a t io n  of t e m p o r a l  even ts  tak es  p la c e  in  the dom inant h e m is ­
p h e re  fo r  sp eech . If  a  s ig n a l  was p re s e n te d  to  the  r ig h t  side of the 
body, r ig h t  f in g e r  o r  r i g h t  v is u a l  fie ld , the  s e n s o r y  m e ssa g e  would 
be t r a n s m i t t e d  d i r e c t l y  to  the le f t  o r  d o m in a n t  h e m is p h e re .  If the 
s ig n a l  on the o th e r  hand w as  p re sen te d  to  the  left  s id e ,  left f in g e r  
o r  le f t  v isu a l  f ie ld , th e  s t im u lu s  would be t r a n s m i t t e d  f i r s t  to  the  
n o n -d o m in an t  h e m is p h e r e  and then  t r a n s f e r r e d  by  w ay  of an " i n t e r -  
h e m is p h e r i c  pa thw ay"  to  the  dom inan t h e m is p h e r e  in  o rd e r  fo r  d i s ­
c r im in a t io n  to  take  p la c e .  E f ro n  (8) had found in p rev ious  e x p e r im e n ts  
th a t  s u b je c ts  judge  sh o ck s  d e l iv e re d  to th e  le f t  hand and the r ig h t  hand 
to  be s im u l ta n e o u s  w hen  the  shock  to the  le f t  led by  2. 50 m s e c .  The 
s a m e  e x p e r im e n t  u s ing  l ig h t  f la sh e s  to s t im u la te  the  r igh t and left 
n a s a l  r e t i n a  r e s u l t e d  in  a  s im u ltan eo u s  ju d g m en t w hen the left n a s a l  
r e t i n a  w as s t im u la te d  9 .7 5  m s e c  b e fo re  the  r ig h t .  E f ro n  (8) con-* 
e luded  th a t  the  sh if t  f r o m  r e a l - t i m e  s im u lta n eo u s  p re s e n ta t io n  r e p r e ­
sen ted  th e  t im e  in t e r v a l  n e c e s s a r y  for th e  s t im u lu s  to  be t r a n s m i t te d  
f r o m  the  n o n -d o m in a n t  to  the  dom inan t h e m is p h e r e  b y  way of som e 
in te r  h e m is p h e r i c  pa thw ay . The r e s u l t s  of th e s e  in i t ia l  e x p e r im e n ts  
w e re  th e n  used  to  p r e d ic t  the r e s u l t s  shown in  F ig u r e  (5) . The r e ­
su l ts  of cond ition  B m in u s  the  r e s u l t s  of cond ition  A would r e p r e s e n t  
the  in t e r  h e m is p h e r i c  t r a n s m i s s i o n  t im e  fo r  the  v i s u a l  s t im u lu s ,  w h e r e ­
a s  cond ition  C m in u s  co n d itio n  A would r e p r e s e n t  th e  in te r h e m is p h e r ic  
t r a n s m i s s i o n  t im e  fo r  th e  ta c tu a l  s t im u lu s .  The p red ic ted  r e s u l t  fo r  
B m in u s  A w as 9 .7 5  m s e c  w hile  the  o b s e r v e d  r e s u l t  was 6 .7 5  m s e c .
The p re d ic te d  r e s u l t  fo r  C m in u s  A w as 2. 50 rn sec  w hile  the o b s e r v ­
ed va lue  w as 2 .0 0  m s e c .  W hen the r e s u l t s  of the  p re s e n t  s tudy  a r e
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t r e a te d  in  the sam e  way, C m in u s  A  equals 3. 00 m s e c  which would 
r e p r e s e n t  the in te r h e m is p h e r ic  t r a n s m is s io n  t im e  fo r  the  shock  s t im u ­
lus. This  is  in  good a g r e e m e n t  w ith  E fro n 's  d a ta .  B m in u s  A equals  
2 .00 m s e c  in the  p r e s e n t  s tudy  and would r e p r e s e n t  the  i n t e r h e m i s ­
pheric  t r a n s m i s s i o n  t im e  fo r  th e  aud ito ry  s t im u lu s .  The s ta t i s t i c a l  
an a ly s is  of the  d a ta  in  th is  in v es t ig a t io n  do not a llow  s u c h  a conc lus ion  
to be d ra w n  s in c e  no s ig n if ic a n t  d if fe ren ces  w e re  o b s e rv e d  am ong  the 
conditions te s te d .
It  i s  concluded  f r o m  the  p r e s e n t  study tha t:  ( l )  the  c r i t i c a l  i n t e r ­
val fo r judg ing  the  t e m p o r a l  o r d e r  of a c lick  to  the  e a r  and a  sh o ck  to 
the f in g e r  is  on the o r d e r  of 20 m s e c  (2) the  c r i t i c a l  in te rv a l  r e m a in s  
constan t r e g a r d l e s s  of i p s i l a t e r a l  o r  c o n t r a la te r a l  p a i r in g  of the a u d i ­
to ry  and ta c tu a l  s t im u l i  and (3) the  c r i t ic a l  in te rv a l  is  not a ffec ted  by 
which m o d a l i ty  is  s t im u la te d  f i r s t .
CHAPTER V 
SUMMARY AND CONCLUSIONS
A u dito ry  p e rc e p t io n  is  dependent upon the t e m p o r a l  o rg a n iz a t io n  
of s t im u lu s  p a t te r n s .  C o m m unica tion  in the  fo rm  of sp ee c h  depends 
upon m a n 's  ab i l i ty  to d i s c r im in a te  changing au d ito ry  s ig n a ls  ove r  t im e .  
I t  is known tha t a l t e r a t io n s  in  te m p o ra l  sequencing  a f fe c ts  the  p e r ­
cep tion  of a  s e t  of s im p le  sounds. In sp ite  of the  knowledge of the  
im p o r ta n c e  of t e m p o r a l  c lu es  to  a u d ito ry  p e rcep tio n  the  s tudy  of t im e  
p e rc ep t io n  th ro u g h  the a u d i to ry  sen se  has re c e iv e d  l im i te d  a t te n t io n .
By in v es t ig a t in g  th e  a b i l i ty  of hum an o b s e r v e r s  to  judge the o r d e r  
of t e m p o ra l  ev en ts ,  it  i s  p o ss ib le  to d e te rm in e  one a s p e c t  of the  r e ­
solving power of the  s e n s o r y  m e ch a n ism . F u r t h e r m o r e ,  i t  i s  p o ss ib le  
to  d e te rm in e  if th is  r e s o lv in g  power is  a ffected  by changing  th e  po in t of 
s t im u la t io n  w ith in  one m o d a li ty  or by  p a ir in g  two m o d a l i t ie s .
The few s tu d ie s  of t e m p o ra l  o rd e r  tha t have been  r e p o r te d  in  
the  l i t e r a tu r e  p r e s e n t  the  r e a d e r  w ith va ry ing  r e s u l t s .  Only one au th o r  
(8) h a s  r e p o r te d  the  e ffec t  of ip s i l a t e r a l  and c o n t r a l a t e r a l  p a i r in g  of two 
m o d a l i t ie s  fo r t e m p o r a l  ju d g m en ts .  The two m o d a l i t ie s  used in th a t  
s tudy  w e re  the v is u a l  and ta c tu a l  s e n s e s .  U ntil the p r e s e n t  in v e s t ig a ­
tion  i t  w as not d e te r m in e d  if  ip s i l a t e r a l  o r  c o n t r a l a t e r a l  p a ir in g  of the  
a u d i to ry  sen se  w ith  a n o th e r  m od a li ty  had an  effect on  th e  c r i t i c a l  i n ­
t e r v a l  fo r  the ju d g m e n t  of te m p o ra l  o r d e r .  The p r e s e n t  s tudy  w as 
des ig n ed  to  ob ta in  in fo rm a t io n  co nce rn ing  the  c r i t i c a l  t e m p o r a l  i n t e r ­
val w h ich  w ill  allow n o rm a l  o b s e r v e r s  to judge the  o r d e r  of o c c u r re n c e  
of an  a u d ito ry  ev en t p a i re d  w ith  a  ta c tu a l  event.
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E x p e r im e n ta l  D esign  
I t  w as  the  p u rp o se  of th is  in v e s t ig a t io n  to d e te r m in e  the  c r i t i c a l  
t e m p o r a l  in t e r v a l  by w h ich  a  c l ic k  to  th e  e a r  and a shock  to  th e  f in g e r  
m u s t  be  s e p a ra te d  to  a llow  n o rm a l  s u b je c ts  to c o r r e c t l y  ju d g e  th e i r  
o rd e r  of o c c u r re n c e .  This c r i t i c a l  i n t e r v a l  w as e s ta b l i s h e d  under 
four e x p e r im e n ta l  cond itions ;  (A) c l ic k ,  r ig h t  e a r - s h o c k ,  r ig h t  
f in g e r ;  (B) c lick , le f t  e a r - s h o c k ,  r ig h t  f in g e r ;  (C) c l ick ,  r ig h t  e a r -  
shock, le f t  f in g e r ;  (D) c lick , le f t  e a r - s h o c k ,  le ft  f in g e r .
A  m odif ied  p sy ch o p h y s ic a l  m e th o d  of l im i ts  w as  em ployed  us ing  
a  tw o -a l te rn a t iv e  fo r c e d -c h o ic e  te ch n iq u e  to  ob ta in  ju d g m e n ts  f r o m  
fo u r  n o r m a l - h e a r in g  fe m a le  su b je c ts  w ho w e re  e x te n s iv e ly  p ra c t ic e d  
in  the e x p e r im e n ta l  t a s k .  The e x p e r im e n ta l  a p p a ra tu s  w as  p r o g r a m m ­
ed to p ro v id e  the  following s t im u lu s  p a t te rn  t e s t  s e t :  c l ic k ,  in te rv a l ,  
shock  o r  v ice  v e r s a .  The c l ic k  or th e  shock  could o c c u r  f i r s t  w ith  
equal p ro b a b i l i ty .  T he  s u b jec ts  t a s k  w a s  to  judge w h ich  c a m e  f i r s t ,  
the  c l ic k  o r  the  sh o ck . The i p t e r - s i g n a l  in te rv a l  w a s  in i t i a l ly  s e t  a t  
a  d u ra t io n  w hich  y ie lded  o n e -h u n d red  p e r c e n t  s u b je c t  p e r f o r m a n c e .
The in t e r - s ig n a l  in t e r v a l  w as re d u c ed  in  2 m s e c  s te p s  u n ti l  th e  s u b ­
j e c t  fa i le d  the ta sk .  A t th is  point a  b ra c k e t in g  p r o c e d u r e  w as  em p loyed  
and th e  c r i t i c a l  in t e r v a l  fo r  the  c o r r e c t  ju d g m en t of the  o r d e r  of 
o c c u r r e n c e  of the  a c o u s t ic  and ta c tu a l  even ts  w as m e a s u r e d  to  th e  
n e a r e s t  0. 5 m s e c .  A  tab le  of s e q u e n t ia l  a n a ly s is  d e te r m in e d  the 
p a ss  o r  fa i l  c r i t e r io n .
R e s u l t s  and C onclusions  
T he  r e s u l t s  of th is  s tu d y  show th e  m in im u m  te m p o r a l  s e p a r a t io n  
be tw een  a  c l ic k  to  th e  e a r  and a  sh o ck  to  the  f in g e r  n e c e s s a r y  to  a llow  
n o rm a l  su b je c ts  to  judge  th e i r  o r d e r  o f  o c c u r re n c e  is  on the  o r d e r  of 
20 m s e c .  In te rv a ls  obtained under th e  four e x p e r im e n ta l  cond itions  in  
th is  s tu d y  ran g ed  f r o m  18. 88 to  23. 25 m s e c .  T h e s e  v a lu e s  a r e  in  good 
a g r e e m e n t  w ith  the  r e s u l t s  r e p o r te d  b y  H i r s h  (17) and H i r s h  and
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S h e r r i c k  (19) .
A lthough the  c r i t i c a l  i n t e r v a l  w as a lw ays s m a l l e r  w hen  the two 
m o d a l i t ie s  w e re  p a i r e d  on the  s a m e  s ide  than  w hen they  w e r e  p a i re d  
c o n t r a la t e r a l ly ,  th e  d i f f e r e n c e s  am ong  th e  four e x p e r im e n ta l  cond itions  
w e r e  not s t a t i s t i c a l ly  s ig n if ic a n t .  L ikew ise , the in te r v a l  w a s  a lw ay s  
s m a l l e r  when the sh o ck  w as p r e s e n te d  f i r s t  than  w hen the  c l ic k  w as  
p re s e n te d  f i r s t ,  h o w ev er ,  th is  d i f f e re n c e  a lso  w as not s ig n if ic a n t .
The r e s u l t s  of th is  s tu d y  do  not c o n f irm  the e x i s t e n c e  of a  p a th ­
w ay  in  tl'.e a u d i to ry  s y s te m  fo r  t r a n s f e r  of s t im u lu s  e v en ts  su ch  as 
E f ro n  (8) has  d e s c r ib e d  fo r  th e  v is u a l  and ta c tu a l  s y s t e m s .  One 
m u s t  conclude th a t  s u c h  a p a th w ay  does  no t e x is t  in  the  a u d i to ry  
s y s t e m  or th a t  the  m e a s u r e s  e m p lo y ed  in  th is  s tudy  w e r e  no t s e n s i t iv e  
enough to d e te c t  the  d i f f e r e n c e s  am ong  th e  e x p e r im e n ta l  c o n d it io n s  
th a t  would have to  e x i s t  in  o r d e r  to  su p p o r t  su ch  a  h y p o th e s i s .
S ugges ted  F u r th e r  R e s e a r c h
Since  m a n 's  a u d i to ry  e x p e r ie n c e  is dependen t on ch an g in g  p a t ­
t e r n s  o v e r  t im e ,  the  need  fo r  con tinued  study  of th e  t e m p o r a l  r e s o lv in g  
pow er of th e  a u d i to ry  s y s te m  i s  s e l f  ev iden t. The fo llow ing to p ic s  
a r e  o ffe red  a s  su g g es tio n s  fo r  f u r th e r  in v e s t ig a t io n s  :
1. E ffec ts  of in te n s i ty  on  th e  c r i t i c a l  in t e r v a l  fo r  
ju d g m en t of t e m p o r a l  o r d e r  fo r  p a ired  a u d i to r y  
and t a c tu a l  s t im u l i .
2. E ffec t  of i p s i l a t e r a l  and  c o n t r a l a t e r a l  p a i r in g  of 
the  a u d i to ry  and v i s u a l  m o d a l i t ie s  on th e  c r i t i c a l  
in t e r v a l  fo r  ju d g m e n t  of te m p o ra l  o r d e r .
3. R e p l ic a t io n  of the  p r e s e n t  s tudy  w ith  m e a s u r e m e n t  
of the i n t e r v a l  to  th e  n e a r e s t  0. 1 m s e c  in s te a d  of 
the  n e a r e s t  0. 5 m s e c  used  in  th e  p r e s e n t  s tu d y  w ith  
i n c r e a s e d  sa m p le  s i z e .
4. R e p l ic a t io n  of the  p r e s e n t  s tudy  using  s u b je c ts  w ith  
known c o r t i c a l  pa tho logy .
F u r th e r  r e s e a r c h ,  in  a d d i t io n  to  ex tending  o u r  know ledge
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co n ce rn in g  t e m p o r a l  r e s o lv in g  p o w er ,  m a y  c o n tr ib u te  to  knowledge 
c o n ce rn in g  the  n e u ro lo g ic a l  m e d ia t io n  of a u d i to ry  t e m p o r a l  events .
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A PP E N D IX  A
INSTRUCTIONS T O SU B JE C T S
G e n e ra l  I n s t ru c t io n s
You a r e  p a r t ic ip a t in g  in  a  r e s e a r c h  p r o je c t  th a t  is  ex pec ted  to 
p rov ide  im p o r ta n t  in fo rm a t io n  c o n ce rn in g  how th e  hum an  au d i to ry  
s y s te m  fu n c tio n s .  Upon c o m p le tio n  of the  e n t i r e  e x p e r im e n t  you w ill  
be in fo rm ed  of the  r e s u l t s .  Your t a s k  w i l l  c a l l  fo r  ex ac t and c o n s is te n t  
ju d g m e n ts .  T h e r e f o r e ,  y ou r  su s ta in e d  a t te n t io n  and a l e r tn e s s  a r e  
e s s e n t ia l .  T he  t e s t  s e s s io n  w i l l  tak e  a p p ro x im a te ly  two h o u rs .  T h e re  
w il l  be  f r e q u e n t  r e s t  p e r io d s  d u r in g  w h ich  you m a y  r e la x .  P le a s e  do 
not i n t e r r u p t  a  t e s t  seq u e n c e  th a t  is  in  p r o g r e s s .  If i t  should b eco m e  
n e c e s s a r y  to  s to p  th e  p ro c e d u re ,  j u s t  t e l l  m e .  You can  b e  h e a rd  in  
the c o n tro l  r o o m  a t  a l l  t im e s .
In s t ru c t io n  for Shock  T h re sh o ld  
You w il l  f e e l  a  shock  f r o m  the e le c t r o d e  on your f in g e r .  I t w ill  
be s t ro n g  enough fo r  you to  fe e l  it c l e a r ly .  In d ica te  th a t  you f e e l  th e  
shock  b y  r a i s in g  y o u r  o th e r  hand. The n e x t  sh o ck  th a t  you fe e l  w ill  be  
v e r y  w eak . E a c h  t im e  you f e e l  the sh o ck , no m a t t e r  how w eak, r a i s e  
your hand and th e n  put i t  b a c k  down. M ake y o u r  r e s p o n s e  d e fin ite .
In s t ru c t io n s  fo r  E qua l M agn itude  B alance  
F i r s t ,  you w il l  fe e l  a  sh o ck  th en  you w i l l  h e a r  a  c l ick .  Your 
t a s k  i s  to m a tc h  the  lo u d n e ss  of the  c l ic k  to  the  m ag n itu d e  of th e  shock . 
The m ag n itu d e  of th e  sh o ck  w i l l  not change  th ro u g h o u t  the  p ro c e d u re .
If the c l ic k  s e e m s  lo u d e r  th an  the  m a g n itu d e  of th e  shock , r e p o r t  your 
ju d g m en t b y  s a y in g  " lo u d e r " .  If th e  c l ic k  s e e m s  so f te r  th a n  the
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m agn itude  of the  sh o ck , r e p o r t  by  say ing  " s o f te r " .  If you judge  the c l ­
ick  and th e  sh o ck  to  be of eq u a l  m ag n itu d e ,  re sp o n d  by s a y in g  " s a m e " .  
You m a y  have a s  m a n y  p re s e n ta t io n s  of the  sh o ck  and th e  c l ic k  as  you 
w ish  b e fo re  m ak in g  y o u r  ju d g m en t.  You m a y  f e e l  th a t  you do not 
know how to p e r f o r m  th is  b a la n c e .  I t  m a y  s u r p r i s e  you th a t  people 
a r e  ab le  to  p e r f o r m  th is  t a s k  q u ite  w ell and w ith  a  g re a t  d e a l  of c o n ­
s is te n c y .  A re  th e r e  an y  q u e s t io n s  ?
In s t ru c t io n s  fo r  the  E x p e r im e n ta l  T ask  
The ta s k  you a r e  to p e r f o r m  now is  to judge  the o r d e r  of the  
c l ic k  and the shock , th a t  i s ,  w h ich  of the  two (c lick  o r sh o ck )  o c c u r re d  
f i r s t .  The s e r i e s  of even ts  th a t  you w il l  e x p e r ie n c e  a r e  a s  fo llow s.
You w il l  h e a r  a  b u r s t  of n o is e .  T h is  b u r s t  of n o ise  is  an  a le r t in g  s ig ­
n a l .  A p p ro x im a te ly  2 seco n d s  a f te r  you have h e a rd  th e  n o is e  you w ill  
h e a r  a  c l ick  in  th e  e a r  o p p o s i te  th e  one w h e re  you h e a rd  th e  n o ise  or 
you w il l  f e e l  a  sh o ck  in  your f in g e r .  If you h e a r  a  c l ick  2 seco n d s  
following the  n o is e ,  a  shock  w il l  follow. If you get a  sh o ck  following 
th e  w arn in g  s ig n a l  you can  e x p ec t  a  c l ick .  Your ta s k  is  to  t e l l  w hich  
cam e  f i r s t ,  th e  c l i c k  o r  the shock . If  the  c l ick  is  f i r s t ,  p r e s s  the  
le v e r  of th e  sw i tch  on the  r e s p o n s e  box to  the pos it ion  la b e led ,  " c l ic k " .  
L ik ew ise ,  if  you th in k  the  sh o ck  p re c ed e d  the c lick , push  th e  le v e r  to  
the  p o s i t io n  la b e le d ,  " sh o c k " .  W h en ev er  you a r e  c o r r e c t  in  your 
ju d g m en t the  b lue  l ig h t  on th e  r e s p o n s e  box w il l  light. If  you a r e  in ­
c o r r e c t  in  your ju d g m e n t  th e  r e d  ligh t w i l l  l igh t. Do not change  your 
ju d g m en t once a r e s p o n s e  has  b een  m a d e .  Your f i r s t  im p r e s s i o n  
u s u a l ly  w il l  be th e  b e t t e r  one . A p p ro x im a te ly  2 seconds following 
e a c h  re s p o n s e  you w i l l  be p re s e n te d  w ith  a n o th e r  b u r s t  of n o ise  fo llow ­
ed by  a  c l ic k  th e n  a  shock  o r  v ice  v e r s a .  Once again , in d ic a te  w ith  
th e  sw itch  w h ich  c a m e  f i r s t ,  the  c l ic k  o r  the shock . A n u m b e r  of th e se  
p a i r s  w il l  be p r e s e n te d .  A f te r  e ac h  p a i r  you w i l l  m ak e  y o u r  ju d g m en t 
and re sp o n d  by  m o v in g  the sw i tch  to the pos it ion  which c o in c id e s  with
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your d e c is io n .  T ak e  a s  m u c h  t im e  as  you need b e f o r e  m ak ing  your 
re s p o n se .  Be s u r e  you  do n o t  change your re s p o n se  once you have 
m ade  i t .  A  g iven  p a i r  canno t be  re p e a te d ,  th e re fo re ,  a r e s p o n s e  m u s t  
be  m ade  fo r  e a c h  p a i r  p re s e n te d .  Do you have any  q u e s t io n s ?
A PPE N D IX  B
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TABLE 10
TO TA L NUMBER O F  STIM ULI AND CORRESPONDING 
NUMBER O F  C O RR EC T RESPO N SES TO PASS 
A T . 05 L E V E L  O F  CONFIDENCE OR F A IL  
A T  .01  L E V E L  OF C O N FID EN C E
N um ber P a i r s  
P re s e n te d
L im i t s  P a i r s  
C o r r e c t
N u m b er  P a i r s  
P r e s e n t e d
L im its  P a i r s  
C o r r e c t
F a i l P a s s F a i l P a s s
7 1 7 41 22 28
8 1 7 42 23 29
9 2 8 43 23 29
10 3 9 44 24 30
. 11 3 9 45 25 31
12 4 10 46 25 31
13 5 10 47 25 32
14 5 11 48 27 33
15 6 12 49 27 33
16 6 12 50 28 34
17 7 13 51 29 34
18 8 14 52 29 35
19 8 14 53 30 36
20 9 15 54 30 36
21 10 15 55 31 37
22 10 16 56 32 38
23 11 17 57 32 38
24 11 17 58 33 39
25 12 18 59 34 39
26 13 19 60 34 40
27 14 20 61 35 41
28 15 21 62 35 41
29 15 21 63 36 42
30 15 21 64 37 43
31 16 22 65 37 43
32 17 22 66 38 44
33 17 23 67 39 44
34 18 24 68 39 45
35 18 24 69 40 46
36 19 25 70 41 46
37 20 26 71 41 47
38 20 26 72 42 48
39 21 27 73 42 48
40 22 27 74 43 49
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TABLE 10 - continued
N u m b er  P a i r s  
P r e s e n te d
L im i ts  P a i r s  
C o r r e c t
N u m b er P a i r s  
P r e s e n te d
L im i t s  P a i r s  
C o r r e c t
F a i l P a s s F a i l P a s
75 44 50 88 52 58
76 44 50 89 53 58
77 45 51 90 53 59
78 45 51 91 54 60
79 46 52 92 54 60
80 47 53 93 55 61
81 47 53 94 56 62
82 48 54 95 57 62
83 49 55 96 57 63
84 . 49 55 97 58 63
85 50 56 98 58 64
86 51 57 99 59 65
87 51 57 100 59 65
C r i t e r i a
P a s s :  75 p e rc e n t  of the  judgm en ts  a t  a  .0 5  le v e l  of con fidence  
F a i l :  50 p e rc e n t  of th e  ju dgm en ts  a t  a  .01  le v e l  of confidence
A PPEN D IX  C
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E x p e r im e n ta l  C o n tro l
In o r d e r  to  in s u r e  th a t  th e  r e s u l t s  ob tained  in  th is  s tudy r e p r e ­
sen ted  su b jec t  p e r fo rm a n c e  th a t  w a s  no t con tam in a ted  by  e x p e r im e n ­
ta l  e r r o r s  i t  w as  n e c e s s a r y  to  p e r f o r m  c a l ib ra t io n  checks  of the  
eq u ip m en t a t  r e g u l a r  in t e r v a l s .
T im in g  A p p a ra tu s  
B e fo re  e a c h  e x p e r im e n ta l  s e s s i o n  the  d e la y  of th e  pulse  g e n e r a ­
t o r s  w h ich  g e n e r a te d  the  p u lse  fo r  th e  a c o u s t ic  and ta c tu a l  s ig n a ls  
w e re  checked  w ith  th e  a id  of a  c o u n te r - t im e r  (D arcy /T S i)  to m ake  
s u r e  th a t  an  eq u a l  d e la y  w as p r e s e n t  fo r  b o th  s ig n a ls .  Two checks  
in s u re d  th a t  th e  in te r v a l  s e p a ra t in g  th e  two s t im u lu s  events w as not 
in f luenced  by  fa u l ty  s e t t in g s  of the e x p e r im e n ta l  a p p a ra tu s ;  ( l )  the 
d e la y  b e tw een  th e  f i r in g  of th e  w a v e fo rm  g e n e ra to r s  and the  pu lse  
g e n e r a to r s  w h ich  c o n tro l le d  the  s t im u lu s  ev en ts  w e re  checked b e fo re  
e a c h  e x p e r im e n ta l  s e s s io n  and  a d ju s te d  so  th a t  the d e lay  be tw een  the  
tw o s e ts  of w a v e fo rm  and p u lse  g e n e r a to r s  w as equal. (2) the d e lay  
b e tw een  the  ou tpu t c o n tro l  of the  m o d u la r  s e r i e s  and the output f r o m  
th e  p u lse  g e n e r a to r  fo r e a c h  s t im u lu s  w as checked fo r  equali ty . The 
i n t e r - s i g n a l  i n t e r v a l  fo r  e a c h  e x p e r im e n ta l  ru n  was se t  w ith  the a id  
of the c o u n t e r - t i m e r .  The in te r v a l  w a s  m o n ito red  con tinuously  d u r ­
ing the  t e s t  r u n  by  th is  in s t ru m e n t .
M o n ito r in g  o f Shock  L eve l 
The le v e l  of the  shock  s t im u lu s  w as  s e t  by  m e a s u r in g  th re s h o ld  
vo ltage  w ith  an  o s c i l lo sc o p e  (T e k tro n ix  561-A) and ad ju s t in g  the lev e l  
un ti l  the  th re s h o ld  vo ltage  w a s  d o u b led .  The voltage  was aga in  
checked  a t  the  end of e ac h  e x p e r im e n ta l  ru n  to  m ake  su re  th a t  the 
output w as  s ta b le .
